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Preface 


The InLernalional Commission on Radiation Units 
and Measurements (ICRU), since its inception in 
1925, has had as its principal objective the develop- 
ment of internationally acceptable rocoinmendations 
regarding: 

1. Quantities and units of radiation and radioac- 
tivity, 

2. Procedures s ui tab le for the meas ure ment and 
application of these quantities in clinical radiol- 
ogy and radiobiologi^ and 

3. Physical data needed in the application of these 
procedures, the use of which tends to assure 
uniform i ty in report ing. 

The C'ommission also considers and makes similar 
types of recommendations for the radiation proteo- 
tion held. In this connection, its work is caiTiod out 
in close cooperation with the International Commis¬ 
sion on Kadiologicai Protection (ICRP). 

Policy 

The IC RU endea vors to collect and evaluate the 
latest data and information pertinent to the prob¬ 
lems of radiation measurement and dosimetry and to 
recommend the most acceptable valnes and tech- 
niques fbr current use. 

The Commission’s recommendations are kept un¬ 
der con ti nual review in ordcr to keep abreast of the 
rapidly expanding uses of radiation. 

The ICRU feels that it is the responsibility of 
national organ izations to introduce the ir own de¬ 
tailed technical procedures for the development and 
maintenance of standards. Howeven it urges that all 
countries adhere as closely as possible to the interna¬ 
tional ly rocommended basic concepts of radiation 
quantities and units. 

The Commission feels that its responsibility lies in 
developing a system of quantities and units having 
the widest possible range of applicability. Situations 
may ariso from time to time when an expedient 
solution of a current problem may seem ad visa ble. 
Generally speak i ng, however, the Commission feels 
that action based on expediency is inadvisable from a 
long-term vievvpoint; it endeavors to base its deci¬ 
sions on the long-range advantages to be expected. 

The ICRU invites and welcomes constructive com- 
ments and suggestions regarding its recommenda¬ 
tions and reports, These may be transmitted to the 
Ch airman. 

Current Program 

The Commission recogmizes its obligation to pro- 
vide giiidance and recommendations in the areas of 


radiation therapy, radiation protection and the com- 
pilation of data important to these helds and to 
scientihc research and industrial applications of 
radiation, inereasingly, the Commission is focusing 
on the problems of protection of the patient and 
evalnation of image quality in diagnostic radiology, 
These activities do not diminish the ICRlFs comrnit- 
inent to the provision of a rigorously defined set of 
quantities and units useful in a very hroad range of 
scientihc endeavors. 

The Commission is c urrent ly en gaged in the formu- 
lation of ICRU reports trea ting the following sub- 
jects: 

Ahsorbed Dose Standards for Phoion irradiation and Their 
Dl ssemination 

Assessment of Image Quality in Nuclear Medicine 
Beta Bays for Therapeutie Applications 
Bone Densitometry 

Chest Radiography—Assessment of Image Quality 
Clinical Proton Dosimetry—Part II: Dose Specilications for 
Reporting, Treatment Planning and Radiation Quality 
Determination of Body Bardens for Rad ionucl ides 
Dose and Volurne Specifications for Reporting Introcauiiary 
Therapy in Gynecology 
Dose Specification in Nuclear Medicine 
Dosimetric Procedures in Diagnostic Radiology 
Mammography—Assessment of Image Quality 
Measurement of Operationol Quantities for Neutrons 
Nuclear Data for Neutron and Proton Radiotherapy and for 
Radiation Pi 'o teet i o n 

Prescribing. Hecoirling and Reporting Electron Beam Therapy 
Reepnrements for Radioecological Sampling 
Retrospective Assessment af Kxposure fo lonizing Radiation 
ROC Analysis 

Stopping Power for Heavy Ions 

In addition, the ICRU is evaluating the possibility 
of expanding its progi'am to encompass nonionizing 
radiation, particularly the quantities and units as- 
peets. 

The Commission con ti nu al ly reviews radiation 
science with the aim of identifying areas where the 
development of guidance and recominendation can 
make an important contribution. 

ICRU’s Relationships 
with Other Organizations 

In addition to its close relationship with the ICRP, 
the ICRU has developed relationships with other 
organizations interested in the problems of radiation 
quantities, units and measurements. Since 1955, the 
ICRU has had an official relationship with the World 
Health Organization (WHO), whereby the ICRU is 
looked to for primary guidance in matters of radia¬ 
tion units and measurements and, in turn, the WHO 
assists in the world-wide dissemination of the Com¬ 
mission s recommendations. In 1960, the ICRU en- 
tered into consultative status with the International 
Atomic Energy Agency (lAEA), The Commission has 
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a formal relationship with the United Nations Scien- 
tific Committec on the Eflfects ofAtomic Radiation 
(UNSCEAR), whereby ICRU obsen^ers are invited to 
attend annual UNSCEAR meetings. The Commis- 
sion and the International Organization for Stan- 
dardization (ISO) inform ally exchange notifica tions 
of meetings, and the ICRU is formally designated for 
liaison with two of the ISO technical committees. 
The ICRU also corresponds and exchanges final 
reports with the following organizations; 

Bureau International de Métrologie Légale 
Bureau International des Poids et Mesures 
European Commission 

Council for International Organizations of Medical Sciences 
Food and Agrioulture Organization of the United Nations 
International Comrnittee of Pholobiology 
International Council ofScientific Unions 
International Electrotechnical Commission 
International Labor Office 
International Organization for Medical Physics 
International Radiation Protection As.sociation 
International Union of Pure and Applied Physics 
United Nations Educational, Scientific and Cultural Organiza¬ 
tion 

The Commission has found its relationship with 
all of these organizations fruitful and of substantial 
benefit to the ICRU progi^am. Relations with these 
other international bodies do not affeet the basic 
affiliation of the ICRU with the International Societ}^ 
of Radiology, 

Operating Funds 

In the earl3^ days of its existence, the ICRU 
operated esscntially on a voluntary basis, with the 
travel and operating costs being borne by the parent 
organizations of the participants, (Only token assis¬ 
tance was originally available from the Interna¬ 
tional Society of Radiology.) Recognizing the imprac- 
tibility of continuing this mode of opeation on an 
indefinite basis, operating funds were sought from 
various so urces. 

In recent years, principal fmancial support has 
been provided by the European Commission, the 
National Cancer institute of the U.S. Department of 


Health and Human Services and the International 
Atomic Energy Agency 

In addition, during the la.st 10 years, finazicial 
support has been received from the following organi¬ 
zations: 

/Muerican Society for Therapcutic Hudiology and OncologA' 
Atomic Energy Control Board 
Bayer AG 

Central Electricity Generating Board 

Dutch Society for Radiodiagnostics 

Eastman Kodak Company 

Ehara Corporation 

Electricité de France 

Fuji Medical Systems 

Hitachi, Ltd. 

International Radiation Protection Association 
International Society of Radiolog)^ 

Italian Radiological Association 

Japan Industries Association of Radiological Systems 

Konica Corporcition 

National Electrical Manufacturers Association 

Philips Medical Systems, Incorporated 

Radiation Research Society 

Scanditronix AB 

Siemens .;Mctiengesellschaft 

Suinitoxno Heavy Industries, Ltd 

Theratronics 

Toshiba Corporation 

University Hospital Lund, Sweden 

In addition to the direct monetary support pro¬ 
vided by these organizations, many organizations 
provide indirect support for the Commission s pro¬ 
gram. This support is provided in many forms, 
including, among othez's, subsidies for (1) the time of 
individuals participatingin ICRU activities, (2) travel 
costs involved in ICRU meetings and (3) meeting 
facilities and services. 

In recognition of the faet that its work is made 
possihle by the generous support provided by all of 
the organizations supporting its progi’am, the Com¬ 
mission expresses its deep appreciation. 

Azidrc Wambersie 
CJiainnan, ICRU 

Bruxelles, Bolgium 
15 February 1999 
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Executive Summary 


Relation to ICRU Report 50 

The present report is a Supplement to ICRU 
Report 50, Prescribing, Recording, and Reporting 
Photon Beam Therapy, published in 1993. Report 50 
contained recominendations on how to report a treat- 
ment in external photon beam therapy. These recom- 
mendations were formulatcd in such a way that they 
can generally be foUovved in all centers worldwtde. 

Publication ot Report 50 and its application to 
clinical situations stimulated broad interest, raised 
new questions, and sometimes triggered vigorous 
discussions and debates. 

In the inten^ening years since Report 50 was 
published, irradiation techniques have advanced 
with many new procedures introduced. Driving this 
process are the considerable improvements in three- 
dimensional imaging which allow exquisite defini¬ 
tion of target volumes, volumes of interest, as well as 
organs at nsk. Naturally, treatment planning sys¬ 
tems kept pace with these advances allowing im- 
proved radiation prescriptions. 

Aim of Present Supplement 

For these reasons, the ICRU decided to pubjish a 
supplementary doeument in order to formulate more 
accurately soine of the definitions and concepts and 
to take in to account the consequences of the techni- 
cal and clinical progress. Tbis new report comple- 
ments the recommendations contained in the previ- 
ous one and reflects these developments. 

When delivering a radiotherapy treatment, the 
volumes and the doses must be specified for scveral 
purposes: prescribing, recording, and reporting. It is 
not the goal nor the task of the ICRU to recomniend 
treatment techniques and absorbed dose levels. Pre- 
scription ofa treatment is the responsibiliiy of the 
radiation-oncology team in charge of the patient. For 
reporting purposes, it is important that clear, welk 
defined, unarnbiguous, and universally accepted con¬ 
cepts and terminology are used to ensure a common 
understanding. Only under these conditions can a 
useful exchange of information between different 
centers be achieved. 


independent of any tccbnical development. However, 
the different factors to be taken in to account when 
delineating the Planning Target Volume (PT\0 and 
the corresponding margins desen^e more accurate 
Identification. 

In the present Supplement, the Internal Margin 
(IM) is defined so as to take into account variations 
in size, shape, and position of the CT\' in relation to 
anatomical reference points ie,g., filling of stomach 
or biadder, movements due to respiration, etc.). The 
Set-up Margin is added to take into account all 
uncertainties in patient-beam positioning. 

Segregating the Internal Margin and the Set-up 
Margin reflects the differences in the source of 
uncertainties. The Internal Margin is due niainly to 
physiologic processes which are difficult or irnpos- 
sible to Control. In contrast, the Set-up Margin (SM) 
is added because of uncertainties related mainly to 
technical factors that can bc reduced by more accu¬ 
rate set up and immobilization of the patient, as well 
as by improved mechanical stability of the machine. 

The global concept and definition of the PT\^ as 
given in ICRU Report 50 is not changed. For each 
volume defined, a color code is proposed to assure 
da ri ty of i n terpretu tion. 

Probability of Benefit versus Risk of 
Complications 

Finally, this supplement recognizes that the linear 
addition of the margins for all types of uncertainties 
would generally lead to an excessi vely large PTV. 
This could result in exceeding the patient tolerance 
and fail to reflect the actual clinical consequences. 

The risk of missing part of the cancer cell popula¬ 
tion must be balanced against the reduction of the 
ri sk of severe normal tissue complications. The 
balance between disease control and riskof complica¬ 
tions often dictates acceptance of reduced probability 
of cure in order to avoid severe and serious treatment- 
related complications. 

Therefore, the selection of a composite margin and 
the delineation of the border of the PTV involve a 
compromise that relies upon the experience and the 
judgment of the radiation-oncology team. 


Volumes and Margins 


Organs at Risk 


Vin 


The development of con form al therapy and the 
cxpected Ihcrapeutic gain, as well as the inereased 
risk of missing some of the cancer cells, require a 
more accurate definition of the margins araitnd the 
target volumes. The concepts ofGross l\imor Volume 
(GTV) and Clinical Target Volume (CT\^) need not to 
be reconsidered, since they are oncological concepts 


The compromise to be accepted when delineating 
the PT\^ is due to the presence of Organs at Risk. 
Such Organs at Risk are normal tissues whose 
radiation sensitivity and location in the vicinity of 
the PTV may significantly influence treatment plan¬ 
ning and/or the absorbed dose level to be employed. 
The problems resulting from the presence of Organs 



al Risk is discussed in more detail in this Supple¬ 
ment to Report 50. 

The system of classifying Organs at Risk as ''se- 
riaT', “paralleR, or “serial-paraller’ is discussed, and 
the use of this system to interpret tolerance of 
various Organs at Risk is explained. A typical ex- 
ample of a tissue with a high “relative seriality'' is 
the spinal cord, implying that a dose above the 
tolerance limit, oven to a small volume, can totally 
impair the function of the organ (myelitis). In con- 
trast, the lung has a low “relative seriality”, imply¬ 
ing that the main parameter for impairing pulmo- 
nary function is the proportion of the organ that 
receives a dose above the tolerance level. The heart 
can bo considered as having a combined “serial” 
(coronary artø'ies) and “parallel” (myocardium) stioic- 
ture, 

Planning Organs at Risk Volume s (PRV) 

The present Supplement stresses the faet that for 
the Organs at Risk, as for the CTV, movements and 
changes in shape and/or size, as well as the set-up 
uncertainties, must be considered. A margin must be 
added to compensate for these variations and uncer- 
taintiøs, which leads to the concept of the Planning 
Organ at Risk Volume (PRV). Thus, for the Organs at 
Risk, tlie PRV is analogous to the PTV for the 
Clinical Target Volume. For reporting, the descrip- 
Uon of the PRV (like that of the PTV) should include 
the size af the margins in all directions. The PT\" and 
the PRV may overlap, and often do so, which implies 
searching for a compromise as discussed above. 

Conformity Index 

The concept of a Conformity Index (Cl) is intro- 
dueod and defined as the quotient of the Treated 
Volume and the volume of the PTV". This definition of 
the Cl implies that the Treated Volume totally 
cncoinpasses the PTV. Note that the Ti’eated Volume 
is the tissue volume that receives at least the dose 
selected and specified by the radiation oncology team 
as being appropriate to achievc the pur pose of the 
treatment, tumor eradication or palliation. 

Not surprisingly, optimization of the Cl may result 
in deterioration of o ther desired parameters, such as 
the size of the Irradiated Volume or the absorbed 
dose homogeneity in the PTV. Again, to optimize the 
Cl, some overall compromises may be required. 

Dose Specification for Reporting 

Recommendations contained in Report 50 for dose 
specification for reporting are maintained. First, the 
absorbed dose at the ICRU Reference Point should 
be reported. Then, the best estimates of the maxi- 
mum and the minimum doses to the PTV" should be 
reported. Furthermore, any additional relevant infor¬ 


mation should be given, when available, e.g\, Dose- 
V^olume Histograms (DVTds). The absorbed doses to 
the Organs at Risk should also be given. 

Reporting Doses in a Series of Patients 

ICRU Report 50 dealt with dose reporting in an 
individual patient* Different issues are encountered 
when reporting treatments for a series of patients. 

First, the treatment prescription or protocol should 
be described in detail, including the volumes, ab- 
sorbed-dose levels, and fractionation. The treat- 
ments should be reported following the above recom¬ 
mendations, and the deviations from the prescription 
should be stated. In particular, the proportion of 
patients in whoin the dose variation is less than 
±5%, ±5-10%, and more than ±10% of the pre- 
scribed dose at the ICRU Reference Point should be 
reported. 

WOien reporting the treatments in scientific jour¬ 
nals, it is recommended that the prescribed CTV and 
PTV and correspondiiig doses be illustrated in an 
isodose distribution chart, giving the total absorbed 
doses in Gy. 

The Three Levels for Reporting 

The three levels of complexity for reporting the 
irradiations that were introduced in Report 50 are 
retained, However, since its publication in 1993, the 
limits between the three leve I s were modi fied due to 
the recent improvements in irradiation techniques 
and developments in imaglng and in treatment 
planning. 

Clinical Examples 

Finally, the present Supplement lo ICRU Report 
50 contains an Appendix with three examples illus- 
trating how the recommendations can be applied in 
clinical situations. The first example compares the 
irradiation of the internal mammary chain using a 
single electron beam or a combination ofan electron 
beam and a photon boam, The second example deals 
with irradiation of prostatic adenocarcinoma. The 
third example illustrates how to report an irradia¬ 
tion of a bronchus carcinoma. 

Conclusions 

This Supplement to ICRU Report 50 provides 
updated recommendations that include the many 
advances in treatment techniques, treatment plan¬ 
ning, and image based target definition. To assist the 
necessary decision-making process in therapy, the 
concept of a “Conformity Index” is defined and intro¬ 
duced. Finally, clear gnidance is provided for report¬ 
ing treatments of individuaks and series of patients. 
Hence, this Supplement will guide and assist the 
process of modern radiation therapy. 
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Prescribing, Recording 
and Reporting 
Photon Beam Therapy 
(Supplement to ICRU Report 50 ) 

!• Introduction 


If irradiation techniqucs were perfect, it would bo 
possiblc to irradiate the full 'Volume to be treated"’ in 
a homo^^eneous way (e.g,, 60 Gy) and with no do se to 
the suiTounding normal tissues. For example, in this 
ideal situation, the prescribcd dose would be 60 Gy, 
the record ed do se (in the patient s trea tmen t chart) 
would also be 60 Gy, and the report ed dos c ie.g., for 
publication, or in multicenter studies) would also be 
60 Gy. 

Unfortunately, this cannot be achieved; and, within 
the target volume, the dosc may vao^ between rather 
large limits, depending on the technicai conditions. 
Actually, due to the limitations of available irradia¬ 
tion techniqucs, the difference between the inaxi- 
mum and the minimum doses in the target volume 
often reaches 10, 15, or even 20%. Therefore, large 
discrepancies can be introduced, depending on the 
criteria used for prescribing, recording, and report¬ 
ing the treatinent. An additional problem may be 
that some normal tissues receive doses at levels that 
are often si milar to the presenbed dose and which 
some ti mes approach or exceed the tolerance limits. 

Dische et ai (1993) stated that there was evidence 
from published clinical data and a suggestion from 
an analysis of the CHART pilot atudy data tbat a 
dose difterence as small as 5% may lead to real 
impairment or enhancement of tumor response, as 
well as to an alteration of the risk of morbidity. Such 
a 5% uncertainty in dose can easily be introduced by 
difterent methods for reporting (e.g., by reporting 
without dari heation the 100%, 95%, 90% , or 85%^ 
dose levels). A review of published papers (Dische et 
al. 1993) indicates that an acceptable level of report¬ 
ing was found in less than 40%; of the papers. 
Inadequate reporting may lead to a false interpreta¬ 
tion of a study and to its wrongful application. 
Dische et al. strongly recommend that it should be 
editorial policy to publish only those papers in which 
the radiation dose is adequately and unambiguously 
described, and recently Bentzen (1998) also gave 
such recommendations. The problem has also been 
reviewed by Landberg and Nilsson (1993). 

The International Commission on Radiation Units 


and Measurements (ICRU) recogmized the impor¬ 
tance of these problems many years ago and, in 1978, 
published Report 29, Dose Specification for Report¬ 
ing Ex ternal Beam Therapy with Photons and Elec- 
/ro/7s(ICRU, 1978). 

Since then, it has become clear that further inter¬ 
pretation of the concepts of dose specification has 
become nccessary and that additional guidelines arc 
needed if the recommendations published first in 
ICRU Report 29 are to be applied more widely. In 
addition, the rapidly expanding use of computers in 
radiotherapy allowing for better planning and evalu- 
ation of three-dimensional (3-D) dose distributions, 
is changlng clinical practice; and, in 19S7, the ICRU 
published Report 42, Use of Computers in External 
Beam Radiotherapy Procedures with High-Energy 
Photons and Electrons (ICRU, 1987). In 1993, the 
ICRU published Report 50, Prescribing, Recording, 
and Reporting Photon Bearn Therapy (ICRU, 1993), 
which superseded Report 29. Since electron beam 
therapy and dosimetry present some specific prob¬ 
lems, it is useful to treat them separately from 
photons; this will be the purpose of another ICRU 
report, which is in preparation. 

For other radiotherapy techniqucs, dose specifica¬ 
tion has been covered in ICRU Report 38, Dose and 
Volume Specification for Reporting Intracavitary 
Therapy in Gynecoiogy (ICRU, 1985), and ICRU 
Report 58, Dose and Volume Specification for Report¬ 
ing Interstitial Therapy, (ICRU, 1997). Fortheoming 
ICRU reports will deal with dosc specification for 
proton and neutron beam.s. 

Five years after publication of Report 50, the 
ICRU dedded that it would be appropriate to define 
addition al concepts and to for mu la te more accu- 
rately some definitions related to volumes, margins, 
organs at risk, and dose vana tions and uncertainties 
in order to fur tb er promote a common language and 
thus fad li ta te exchange of scientific and clinical 
information. This doeument is the result. The revi¬ 
sions specified here do not contradict the recommen¬ 
dations in Report 50, but rather refiect developments 
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which have occurred since 1993, Several reasons 
justify this update of ICRU Report 50. 

First, recent improvements in stagning and imag- 
ing procedures, as well as improvements in the 
delivery of precision radiotherapy, pennit larger 
doses in the maligTiant tissues and/or smaller doses 
to Organs at Risk by means of techniques in which 
the dose distribution is made to “confornC more 
precisely to the prescription than previously pos- 
sible. This rnay result in an improved therapeutic 
gain, but increases the risk that ‘'marginaT (geomet- 
ric) misses may become more frequent, undermining 
the pur pose of the new techniques. The different 
types of safety margins that must be added to the 
Clinical Target Volume in order to compensate for 
different types of anatomical and geometrical varia¬ 
tions and uncertainties wdll, with the new tech¬ 
niques, require better definition; this is an area of 
active research (see, e.g,, Ross et aL, 1990; Holmberg 
et al., 1994; Michalski, 1994; Schwartz et al, 1994; 
Purdy c/., 1996; and Ekbergc/o/., 1997). 

Secondly, advances in our understanding of nor¬ 
mal tissue response also require additional recom- 
mendations, e.g,, on volume, dose, and fractionation, 
for a proper and unambigTions exchange of informa¬ 
tion (see, e.g., VVolbarst et al., 1982; Withers et al., 
1988; Lyman, 1985, and Olsen et aL, 1994). 

Changes or additions to ICRU Report 50 are 
indicated below. All o ther portions of Report 50 
remain unchanged. The present report should be 
considered as a companion volume to ICRU Report 
50. 

Chapter 2 of the present report supersedes Section 
2.3, in ICRU Report 50, and, in addition: 

• gives more detailed recom mendat ions on the 
different margins that must be considered to 
account for anatomical and geometrical vaiia- 
tions and uncertainties (Section 2.4 in this Re¬ 
port), 

• introducGs a Conformity Index (Cl) (Section 2,5.2 
in this Report), 

• gives information on how to classify different 
types of Organs at Risk (Section 2.7.1 in this 
Report), 

• introduces the Planning Organ at Risk Volume 
(PRV) (Section 2.7.2 in this Report), 

• gives recommendations on graphics (Section 2,8 
in this Report). 

Section 3.6 of the present report supplements 
section 2.4, in ICRU Report 50 and gives additional 
recommendations on how to report dose(s) not only 
in a single patient but also in a series of patients. 

This Report gives clinical examples of the use of 
the recommendations given in this Report, and in 
ICRU Report 50. 

Two important remarks should be made here. 

Firstly, although the title of this Report reads 
'Trescribing, Recording, and Reporting Photon Beam 


Therapy,^' reporting is emphasized, Obviously the 
ultimate responsibility for patient care, and thiis the 
treatment presenption, resides with the attending 
physician. It must be recognized that, at present, in 
different centers in different countries, the prescrip¬ 
tion of the treatment is made using different medi- 
cal, oncological, dosimetric, and radiation therapy 
principles. 

How^ever, to achieve appropiiate exchange of infor¬ 
mation between centers, it is essential that the same 
terms, definitions, and concepts be used. The same 
treatments performed in different centers should be 
described in the same way; and any radiation oncolo- 
gist reading a description of a treatment performed 
in a given center should ful ly understand what has 
been done. 

This being said, it is obvious that adoption of the 
same concepts and definitions for prescribing, record¬ 
ing, and reporting a treatment will make the proce¬ 
dure simpler and certainly roduce the risk of confu- 
sion and errors, The long-term benefit is self-evident. 
Such a terminology should pro vide a link to previous 
results, but should also facilitate developments in 
radiation oncolog>^ 

The second matter requiring special attention at 
this point is the level of completeness or complexity 
in the recommendations for reporting. 

Specifically, the basic recommendations inust be 
sufficiently simple to allow for their use in all 
centers. The potential drawback of such an ap¬ 
proach, if not supplemented by additional recommen¬ 
dations, is obvious; some additional useful and rel¬ 
evant information may not be reported and could be 
lost. Therefore, in this Report (as in ICRU Report 
50), different levels of treatment planning complex¬ 
ity are recognized for reporting, thus allowdng for the 
reporting of more complete information, However, 
the limits betsveen the leve Is are updated. 

Reporting at level 1 should be simple enough to 
allow for its use in all centers. Level 2 contains more 
complete and relevant information, and level 3 is 
appropriate for developmental and/or special tech- 
niques. Reporting at level 1 is sometimes sufficient 
in many centers and also in welLequipped and 
staffed centers for some simple treatments, such as 
some palliative treatments. 

It is stressed throughout this report that all rel¬ 
evant information should bc reported using defini¬ 
tions of terms and concepts discussed here and in 
Report 50. In Report 50 and in the present docu- 
ment, the ICRU seeks to establish unambigxious and 
simple concepts and definitions that can be accepted 
by the radiotherapy community. 

The full implementation of all recommendations 
will require treatment planning at least from level 2; 
but, at the same time, repoi"ting of basic parameters 
(level 1) will provide a link to less .sophisticated 
treatment planning, past, present, or future. 



2. Volumes 


2.1 Introduction (Reference Points, 
Coordinate Systems and Volumes) 

To achieve accuratc radiation therapy, it must bc 
possible to precisely relate the positions of tissues, 
organs or volumes in the patient to the positions and 
orientation of beams used for both imaging or t hera py. 
This requires the use of three coordinate systems, 
one within the patient, one related to the imaging 
unit and one related to the treatment machine. The 
positions of organs, tissues and treatment-related 
volumes are related to anatomical reference points 
or alignment marks and the coordinate system within 
the patient, The position and orientation of the 
imaging and treatment machines are defined in 
coordinate systems related to these machines. The 
reference points serve to link the coordinate systems 
sinee they ean be defined in both patient and ma- 
chine coordinates. The coordinates of the “target'' 
can then be defined in the extern al coordinate sys¬ 
tem during dose planning. 

2.1.1 Reference Points 

Alignment of the patient in a reproducible and 
stable position is a prercquisite for correct definition 
of volumes and set-up of beams. Adequate patient 
immobilization systems are the most effeetive means 
to accomplish this. Reference points, either internal 
or external or alignment points or lines are then 
used to es tab lis h the patient coordinate system and 
for reproducible alignment of the patient for imaging 
or treatment. 

Intenicd Refvrerice Points are anatomical land¬ 
marks bony structures or gas-fdled cavities) 

which may be used for locaiization of the Gross 
Tumor Volume (GT\^) and Clinical Target Volume 
(CTV) and for accuratc set-up at the imaging unit, 
simulator and treatment unit. Often separate refer¬ 
ence points must be used for different beams and if 
thore is moro than one GTV or CTV, 

External Reference Points are p alp ab le or visible 
points located on or near the surface of the body or on 
the suHace of immobilization devices that ht closely 
to the exterior of the body (e.g., face masks, bite 
blocks and shells). As External Reference Points, one 
may also use skin markings or alignment tattoos 
that are reproducibly related to the body as a whole 
(c.g., to skeletal structures). 


2.1,2 Coordinate Systems 

Three types of coordinate systems are in vol ved in 
the planning and execution of radiation treatments. 

Coordinate System Related to the Patient, The ref¬ 
erence coordinate system for the patient is based on 


either in tein al or exteinal reference points. The coordi¬ 
nate system is defined with one of the reference 
points as origin and other reference points for orien¬ 
tation of the system and alignment of the patient. 

Coordinate Systems Related- to Imaging and Tf'eat- 
?nent Units. These coordinate systems are defined with 
respect to the gantiy, collimatoi-s, radiation beam, light 
beams, laser-alignment beams and couch-top system. 

For example, Fig. 2.1. (modified from ICRU Report 
42 IICRU 1987!) presents a set of three different 
coordinate systems: 

* for the patient, 

* for the imaging units, 

* for the treatment machine. 



Cp^= External Reference Point 
and Coordinate System ot 
radiation therapy unit. 

Fig. 2.1. Example ofa sugges ted se I of coordinate systciTi.s: 

Cp = The reference system relalcd to tlm patient, in relation to an 
inlernal reference point. 

Cl = The reference system related to the imaging unit used for 
collecting information ie.g., CT scanner). 

Cj< - The reference system related to the therap}^ unit for varia¬ 
tions in patient and beain geonietrv, in relation to an 
external reference point. 

(Modified from ICRU Report 42 (ICRU, 1987).) 


2,1,3 Volumes 

The process of determining the volumes for the 
treatment of a patient with malignant disease con- 
sists of sequentially specifying different tissues, or¬ 
gans, and volumes three-dimensionally. 

These volumes are (Figs, 2.13, 2.14, and 2.16): 
Gross Tumor Volume (GT\^), 

Clinical Target Volume (CTV), 
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Planning Target Volume (PTV), 

Treated Volume, 

Irradiated Volume, 

Organs at Risk (OR), and 

Planning Organ at Risk Volume (PRV). 

Kach of thesc are discussed below. It should be noted 
that the GTV and the CTV represent vol urnes with 
known or suspected tumor in vol ve ment, and the OR 
represents normal tissues; the others are purely 
geometric concepts, which do not strictly correspond 
to tissue or organ horders. 


2*2 Gross Tumor Volume (GTV) 
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The Gross Turnor Volume (G^T\^) is the gross de mon- 
strable extent and location of the maligriant growth. 

The GTV consists of primary tumor (“GTV pri¬ 
mary'’) and pos s ih ly metastatic lymphadenopalhy 
OOTV nodalO or other metastases (“GTV ATh. The 
GTV al most always coi'responds to those parts of‘the 
malignant gTowth where the tumor cell density is 
the highest. Hcnce, an adequate dose must be deliv¬ 
er ed to the whole GTV to achieve the aim of radical 
therapy. 

It may not be possible to de fine a GTV after 
surgical inten^ention. 

The shape, size, and location of a GTV may be 
determined by dinical exa mi nation (e.g., inspection, 
palpation, endoscopy) and/or various imaging tech- 
niques ie.g,, x-ray, CT, digital radiography, ultraso- 
nography, AiRI, and rad ion uc lide methods), The 
methods used to de term i ne the GTV should meet the 
requirements for scoring the tumor according to the 
TNAKUICC, 1997) and AJCC (AJCC, 1997) systems. 
The definition of the GTV should then be in full 
agreement with the criteria used for the TNM- 
classification, An exampie is given in Fig, 2,2. 

The GTV (primary tumor, metastatic hnnphad- 
enopathy, other metastases) may appear different in 
size and shapc, sometimes significantly, depending 
on which examination technique is used for evalua- 
tion, e.g\, palpation, mammography, x-ray, and rnaC" 
roscopic examination of the surgical specimen for 
breast tumors (example given in Fig, 2,3.), CT, and 
AIRI forsorne brain tumors. The radiation oncologist 
should indicate which method has been used for 
evaluation and for the definition of the GT\C Honv- 
Gver, even usingthe same Lechniques, inter-obserwer 
variation may be significant (Fig. 2,4,). 

A GTV may be con fined to on ly part of an organ 
(c.g^'., a TI breast cancer) or may in vol ve a whole 
organ in multiple metastases to the brain). The 
GTV may or may not extend outsicle the normal 
horders of the organ tissue involved. 

For reporting, the Gross Tumor Volume should be 
doscribed in standard topogT'aphical or anatomical 
terms, e.g., “18 mm X 12 mm X 20 mm tumor in the 
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Fig. 2.2. Clinical examination ofa patient with a earcinoma 
of the floor of the inouth (case nu in her 4, Appendix* iCRU Report 
No. 50). 

Examination shows a 45 mm X 35 mm x 40 mrn large partly 
ulcerated tumor in the JeA part of the floor of the mouth. The 
tumor extended into Lhe tongut*. deeply infiltrated the mu.scles, 
but did not rcach the midline. No regional lyinphadenopathy. 
Biop.sy showed moderately wl 41 differentiated infiltrating squa- 
mous cell carciaoma. 


Thu.s: 

Clinical diagnosi.s: Oral carcinoina (J(.)n-02 -- 004.9) 

'lYimor type and 

grade: Moderately well differentiated infiltrating 
squamous cell carcinoma, 

(SNOMEU 807032, TNM grade = G2). 


Olinical tumor ex¬ 
tent and stage: T4 NO MO - fV^A. 

GW: site = floor of the mouth left and inobile 
tongue lefl (anatomical code, IGRU 50, 
Table 1,2 - C04.9-2 + C02.9-2). 

( Courtesy of lhe Malmd University Hospilah Sw eden) 


left lobe of the prostatc adjacent to but not breaching 
the capsuleri In many situations, a verbal descrip- 
tion inight be too cuinbersozne; therefore, for Lhe 
purpose of data recording and analysis, a dassifica- 
tion system is needed. Several systems are propo.sed 
for coding the anatomical description; some of them 
are mentioned in ICRU Report 50 (ICRU, 1993). 

There are at least three reasons to describe and 
report the GTV in a complete and accurate way. 
Firstly, as indicated above, it is required for staging, 
e.g., according to the TN AI system. SecondV an 
adequate dose must be delivered to (at least) the 
whole GTV in order to obtain local tumor control in 
radical treatments (otherwise the probahility of local 
control decreases), Thirdly, regression of the GTV 
during treatment may be u.sed with care as predic- 
tive of tumor response. 





top left— mammography, 

top right — x-ray image of the surgical specimen, 
bottom left — macroscopy of the surgical specimen, 
bottom right — microscopy of the surgical specimen. 


Depending on which examination method is used to establish the size of the Gross Tumor Volume, one may arrive at different 
T/pT-categories (and even different stages) in the TNM-classificatioii. 

(Courtesy of the Malmo University Hospital. Sweden.) 


2*3 Clinical Target Volume (CTV) 

The Clinical Target Volume (CTV) is a tissue 
volume that contains a demonstrable GTV and tor 
subclinical malignant disease that must be elimi- 
nated. This volume must be treated adequately in 
order to achieve the aim of radical therapy. 

The Clinical Target Volume is, like the GTV, a 
purely clinical-anatomical concept and can be de- 
scribed as including structures with clinically sus- 
pected but unproved involvement, in addition to any 
known tumor (hence '‘subclinical disease”). 

Macroscopically, tumors may seem relatively well 
demarcated or may have no distinet horders (Fig. 
2.5.). 

\Vhen microscopic examination of a cancer is per- 
formed, one often finds subclinical extensions around 
the GIV (Fig. 2.6.). Furthermore, areas suspected of 


subclinical involvement, e.g., regional lymph nodes 
(NO), may be considered for therapy. 

Thus, two types of subclinical disease (surround- 
ing the GTV and at a distance, e.g., lymph nodes) can 
be envisaged, as illustrated in Fig. 2.7. The prescrip- 
tion is then based on the assumption that, in some 
anatomically definable tissues/organs, there may be 
cancer cells at some probability level, even though 
they cannot be detected with present day techniques; 
these are subclinical. The estimate of probability is 
based on clinical experience from adequately docu- 
mented treatments and follow-up. For prescription 
of treatment, these subclinical deposits (or their 
probability of existence) can be described in terms of 
risk for later detectable manifestations if not treated 
adequately at this subclinical stage. 

In a particular patient, there may be moi'e than 
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FiK. 2.4. Schematic drawings on lateral radiogi*aphs for two 
patients with brain tumors, where the Gi os.s Tumor Volume was 
delineated hy: 

8 radiation oncologists (- 

2 radiodiagnosticians (•■■*). 

2 neurosurgeons (—), 

(Adapted from I<eunens et al., 1993.) 


one CTV for which differcnt doyes are prescribed. 
One situation is illustrated (Fig. 2.7.) by considering 
a primary tumor and its regional lymphatics sepa¬ 
rate ly (e,g\, in breast saving procedures) where the 
primary tumor and its regional lymphatics are sepa¬ 
rated anatomically. In other situations, the aim is to 
treat two or more CTVs to different dose levels, One 
example of this is boost therapy, where o ft en the 
high-dose volume {often containing the GTV) is 
located inside the low-dose volume, 


2.3.1 Prescription of Treatment of 

Subclinical Ex tensions Adjacent 
to a GTV 
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Clinical experience indicates that oiitside the GTV 
there is generally subclinical involvement, i.e,, indi- 
vidual malignant cells, small cell clusters. or micro- 


extensions that cannot be detected by the staging 
procedures. The GT\^, together with this suiTOund- 
ing volume of local subclinical involvement, can be 
defined as a Clinical Target Volume (CTV) if the 
same dose is prescribed, This CTV will then usually 
be denoted Clinical Target Volume One (CTV I). If 
the GTV has been removed by radical surgery, but 
radiotherapy is eonsidered necessary for the tissues 
that remain close to the site of the removed GTV, this 
volume is also usually desigmated as CTV I. 

2.3,2 Prescription of Treatment of 
Subclinical Extensions at a 
Distance from a GTV 

Additional voluines (CTVs) with presumcd sub¬ 
clinical spread regional lymph nodes) may also 
be eonsidered for therapy. They are also defined as 
Clinical Target Volumes and may be designated CTV 
II, CTV III, etc. 

For reporting, the Clinical Target Volume must be 
defined in plain anatomical terms and/or according 
to a corresponding code (see for example Table L2, in 
ICRU Report 50) in conformity with the recominen- 
dations for the GTV. 

Identification and description of the GTV(s) and 
CT\^(s) is thus part of the treatment prescription. 

It must be stressed that the prescriptions of the 
GTV(s) and CTV(s) are based on general oncological 
principles, and they are independent of any therapeu- 
tic appi'oach. In particular, they are not specific to 
the field of radiation therapy. For instance, in sur¬ 
gery, a safety margin is taken around the Gross 
Tumor Volume according to clinical judgment, and 
this implies the same use of the Clinical Target 
Volume concept as in external beam radiation treat- 
ments, Also in brachytherapy, volumes to be treated 
must be defined, and thus the concept of CTV is used. 
The definitions of GTV(s) and CTV(s) constitute part 
of the basic prescription of the treatment; they are 
essential to the medical record. Their definition must 
precede the selection of the treatment modality and 
the subsequent treatment planning procedures. 


2.4 Planning Target Volume (PTV) 

2*4.1 Margins for Geometric Variations and 
Uncertainties 

Once the CTV(s) has (have) been defined and 
external-beam radiation treatment adopted as the 
treatment modality, a suitable arrangement of 
beain(s) must be selected in order to achieve an 
acceptable dose distribution, Cornputation of dose 
distribution can currently be done only for a static 
representation; whereas, in faet, there are variations 
and uncertainties in the positions, sizes and shapes, 
and orienta tions of both the tissues, patient, and the 



Fiff. 2.5. Example of two different macroscopic growth pattems for lung Lumours. To the left a large-cell carcinoma, arising in the 
peripherj' of the lung. The tumour is well circumscribed. To the right a case of small-cell anaplastic lung cancer (SCLC), with an irregular 
tumour and invasion along the bronchial trec. 

(From: Dana-Farber Cancer Institute, Atlas of Diagnostic Oncologj^ T. Skarin M.D. (Fd.). J. B. Lippincott Publishing, 1991. By kjnd 
permission.) 


beams in relation to the conimon c oord i na te system. 
This will be seen both during a single session (intra- 
fractionally) and from onc session to another (inter- 
fractionally). Krrors can also be introduced between 
the imaging procedure and the Ireatrnent planning 
and between the treatment planning and first treat- 
ment session. 

Dose distributions represent static situations and 
do not inherently reflect uncertainties in positioning 
of the organ/patient with respect to the beams. If this 
is not laken intu account and if no margins arc 
added, sorne of the tissues may, for pai't of the 
treatment, movc in or out of the therapcutic beam; 
and this will result in over- or underdosage. Other 
parts of the tissues may move aro und in a dosc 
gradient, and then it will be difficult to State the 
exact dose receivcd by each part of the tissues. On 
the other hånd, using margins that are very large 
will result in unnecessary morbidity. There is no 
ideal solution, and one must search for an acccplable 
compromise. 

To avoid signiftcant deviation from the proscribed 
dose iii any part of the CTV(s), one rnust add margins 
to the CTV(s) for variations in tissue position, size, 
and shape, as well as for variations in patient 
position and beam position, both intrafractionaily 


and interfractionally. This leads to the concept of the 
Planning Target Volurne (PTV), (ICRU Report 50 
[ICRU, 19931). 

It is diflicult to quantdy the different types of 
variations and uncertainties, as w^ell as their interac- 
tions. One is thus forced to make assumptions and, 
in some cases, to combine the different variations 
and uncertainties accordingly. Recent developments, 
e.g., in electronic portal imaging (Holrnberg et ciL, 
1994; Ekberge/ al., 1998) and other techniques (Ross 
et al., 1990; Schw'artz et al., 1994) now allow for a 
better quantification of some of these parameters. 
Other technical improvernents, such as respiratory 
gating of the beam output, may influence the width 
of the selected margins. 

For the final treatment plan (definition of beam 
sizes/e/c.), all the variations and uncertainties must 
be considered, and their overall effect should definc a 
static volurne (Planning Target Volume |PTV|). The 
need for the margins, included in the PTV, thus 
results from a number of geometrical variations and 
uncertainties in relation to the reference point and 
coordinate system. They aro listed in Table 2.1, and 
clinical exarnples are given in Figs. 2.8-2.13 and in 
Tab le 2.3. The dose to the PTV is representative of 
the doso to the CTV. 
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Distance (cm) from the (pathologically estimated) reference tumor 

Fig. 2.6, Example of the distribution of tumor foci at diflferent di.stances from the border of the Gross Volume (“reference 

tumor”). This graph shows the remaining proportion of cases v,ith tumor foci at or beyond the specified distance from the reference tumor. 
The percentages given within the groups indirate the proportion of cases with tumor foci located at or beyond the point given on tlie 
abscissa (i,e., distance from reference tumor). 

A: No tumor foci outside the reference tumor. These cases constitute 417c of all cases. 

B: Tumor foci within 2 cm of the reference tumor. The.se cases constitute 17% of all cases. The exact distance of these foci and their uivasive 
or noninvasivc character was not further specified. 

C: Noninvasive tumor foci extending farther than 2 cm from the reference tumor. These cases constitute 28% of aii cases. 

D: Jnvasive tumor foci extending farther than 2 cm from the reference tumor. These cases constitute 14% of all cases. 

Redrawn from Holland ct ai. 1985. [CANCER, 56, 1985, 979-990. Copyright O 1985 AiiK'ricaa Cancer Society. Reprinted by permission of 
Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.J 
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The definition of a margin can either account for 
all potential variations and uncertainties or inclu.de 
only a certain proportion (e.g,, 2 standard devia¬ 
tions), Other CO nsiderations may also be needed, e,g\, 
if only normal breathing is included^ hut the effects 
of an occasional deep brcath are disregarded (see 
Tab le 2.2). Information on such decisions is useful. 

The problem of margins to allow for geometrical 
variations and uncertainties is c urren tly the subject 
of mueh interest. General ovei'views of the problem, 
ind ud i ng the application of ri sk philosophy and 
biometrical models can be found in reports by Michai- 
ski (1994), Austin-Seymour a/. (1995a, 1995b), 
Purdy et al. (1996), and Aaltonen-Brahme et aL 
(1997), Some papers have specifically addressed 
clinical situations. Problems encountered in the ra¬ 
dio therapy of the pelvic region have been discussed 
by Ten Haken et aL (1991), Hunt et aL (1995), Roeske 
et oL (1995), and Tinger et al, (1996), and beam 
positional problems in treatment of the thoracic 
region by Willct et aL, (1987), Creutzberg et al. 


(1992), Weltens et aL (1993), Balleret aL (1996), and 
Jacobs c?^a/. (1996). The situation for head-and neck 
tumors was analyzed by Himl et aL (1993), MePar- 
land (1993), and Hess et al. (1995); for breast cancer 
by Fein et aL (1996); and for the abdominal region by 
Lax et aL (1994), and Moerland et aL (1994). Stereo- 
tactic radiosurgery was evaluated by Yeung et al. 
(1994). 

In order to determinc margins, it is useful to tbink 
of the two types of uncertainties, internal and set-up 
margins. 

2,4,1,1. Internal Margin (IM) and Internal 
Target Volume (ITV), A margin must be added to 
the CTV to compensate for expected physiologic 
movemenls and variations in size, shape, and posi¬ 
tion of the CTV during therapy in relation to an 
Iniernal Reference Point and its corresponding Coor- 
dinate System, It is novv denoted as the Internal 
Margin (IM). 

The Internal Margin, commonly asymmetric 
around the CTV, is intended to compensate for all 



















Pnmarytumof Lymphvosseis Lymph rxxle 



Fig. 2.7. Schcmatic example of a GTV (demonstrable 
tumor = striated area) and also for CTVs to care for suspected, 
subclinical extensioas surrounding the Gross Tumor Volume 
(CTV 1, here also including the GTV) and to regional lyrnph nodes 
(CTV II, = open ai*ea). The tumor cell density is high in the GIV, 
but may be het€;rogeneous {e.g., due to necrosis). Glose to the GW 
(supposing that there is no natural anatomical horder such as the 
parietal pleura in mediastinal lymphonias), one has to expect a 
zone with subclinical extensions, prohably with overall decreasing 
tumor cell density with distance. The true variation in cell density 
in this zone (safety margin) is difficult to assess and probahly 
varies with tumour type and location. For the clinical example 
shown here, in the regional lymphatics and lyrnph nodes, no Gross 
Tumor could be dernonstrated (NO); but, based on clinical experi- 
ence, it was assumed that there could be subclinical extensions to 
the lyrnph nodes, but not to the connecting lyrnph vessels. 



Fig. 2.8, Clinical example of change in size of the GT\^ during 
treatment (interfi’actional variation). Patient with carcinoma of 
the esophagus. Barium swallow shows that the tumor*, which was 
bulky before radiotherapy (left). has diminished during the cour.se 
of treatment and finally disappeared macroscopically (right). 


moveinents and all variations in site, size, and shape 
of the org^ans and tissues contained in or adjacent to 
the CTV. They may result, e.g,, from respiration, 
different fillings of the bladdGG different fiUings of 
the rectum, swallowing, heart beat, moveinents of 
the bowel. 

These internal variations are thus basically physi- 
ologdcal ones^ and they result in changes in site, size, 
and shape of the CTV. They cannot he easily con- 
troUed. They do not depend on external uncertain- 
ties in beam geometry, but could depend on patient 
day-to-day set-up. 

The term Internal Target Volume (ITV) has been 
proposed (Landberg et al., 1996; and Aaltonen- 
Brahme et al., 1997) as represent!ng the volume 
encompassing the CTV and the Internal Margin. 
The ITV is related to the patient coordinate system. 

2.4.1.2 Set-up Margin (SM) . To account specifi- 
cally for uncertainties (inaccuracies and lack of 
reproducihility) in patient positioning and align- 
ment of the therapeutic heams du ring treatment 
planning and through all treatment sessions, a 
Set-up Margin (SM) for each beam is needed. The 
Set-up Margin is referenced in the external coordi¬ 
nate system. The uncertainties to be compensated 
for may vary with different anatomical directions, 


and thus the size of such margins depends on the 
selection of beam geometries. The uncertainties de¬ 
pend on different types of factors, such as: 

• variations in patient positioning, 

• mechanical uncertainties of the equipment {e,g., 
sagging of gant ry, collimators, and couch), 

• dosimetric uncertainties, 

• transfer set-up er rors from CT and simulator to 
the treatment unit, 

• human factors. 

These may vary from center to center and, within 
a given center, from machine to machine. The use of 
patient immobilization devices, the application of 
quahty assurance progi’ams, and human factors 
such as skiil and experience of the radiographers/ 
radiotherapists are important and must be taken 
into account. The use of different record and verifica- 
tion systems (in real time or not) may also be 
important and may signiflcantly alter the size of the 
needed set-up margins. Fig. 2.14, iUustrates sche- 
matically the different margins and volumes, as well 
as their relations. 

Note that in some cases, the Internal Margin 
approaches a very low value, with brain tu¬ 

mors), and in other cases the Set-up Margin may be 
very small with on-line correction for the 

different set-up errors and variations). 
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F'ig. 2,9, Clinical exaniple of change in position of the CTV 
during treatment (interfractional variation). Patient with right- 
sided central bronchogenic carcinorna, locally recunent aflcr 
previous chemotherapy. Upper pictures show chest radiographs 
before radiotherapy, with total atelectasis of the right lung. L^ower 
pictures show chest radiographs afler 36 Gy to the PTV. There is a 
partial re-aeration of the lung, pleural efTusion, and partial 
pneurnothorax. Cornpared with examination before radiation 
treatment, there is a 26 mm shift of the mediastinum (including 
the CTV) towards the lefl. Without replanning during the course 
of radiotherapy, there could have been a serious underdosage to 
the PT\^. 


2.4.2 The Concept of Planning Target Volume 
(PTV) 

The Planning Target Vol urne (PTV) is a geometri- 
cal ameept itsed for treatment planning, and it is 
defiried to se leet appropriate heam size s and beam 
arrangements, to e ns ure that the presc ribed dose is 
actually de i ivered to tke Cl Vi '■ 

De lineat ion of the PTV is a matter of compromise, 
implying the judgment, and thus the responsihility, 
of the radiation oncologist and the radiation physi- 
cist together. 

The border of the PT\^ must be clearly identified on 
charts for treatment planning. For the purpose of 
dose speeification for reporting and for c val ua tion of 
a Conformity Index (sec below), the surface that 
defines the PTV must bc closed, even if this may not 
be necessary for the proper selection of beam param¬ 
eters (see e.g., Beam’s Eye View, BEV, Eig. 2*15., and 
AP-PAtreatments, Fig. 2.17.a.l). 
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^ Note that tho definition of the Planning Target Volume (FfV) 
as introduced in ICRU Report 50 (ICRU, 1993). and used in this 
Report, is identical to the previous definition of'Target Volume” 
in Report 29 (ICRU, 1978). 




Fig. 2.10. Influenco o[ respiration on body con tour, niove- 

mcnls of inlernal structures and dose distribution. 

A. Patient treal^ed for a lesion of the lower abdominai region. Thu 
thickness of the patient, measured on CT scans, varies in each 
direction by 4 mm from the average tbicknes.s. 

B. The dosc di.stributions are coinpared for two parallel oppo.sed 
beams (Bl /VP direction and B2 PA direction) in end expiration 
(abovo) and end in.spiration (below). The dose distributions are 
displayed in a transverse plane containing the beam axes at 
the level of the lower abdomen. 

C. The variation with time of the thorax thickness. shows that, in 
normal breathing, expirations la.sLs longer than inspiration. 

illustrated in the right part of the figure, there may bf' 
occasionally a deep inspiration. 

(Adapted from Jacobs ef c//. (1996), by kind permission.) 


As will be discussed below, the di db rent variations 
and uneerLainties may be either of type A or B 
Frandom'’or‘‘‘systeinatic”); they may be independent 
from each other or related in different ways. Their 
size may di der for di de rent parts of a CTV ie.g,, base 
versus apex of the biadder and pros ta te), and at 
di db rent times with the res pi rato ry cycle). The 

situation for a single patient may be quite diderent 
Trom Ihat for a patient population. 

Depending on the clinical situation {e,g,, patient 
condition and site of the CTAO and the chosen 
technique, the PTV could be very si milar to the CT\^ 
ieg\, small skin tumors, pi tu i ta ry tumors) or, by 
contrast, mueh larger (e.g,, lung tumors). Since the 
PTV is a purely geometric concept that must be 
related to tbe basic anatomica! description, it may 
extend beyond normal anatomical horders (e.g., in- 
clude parts of clinically unadected bony structures). 

In a typical example of tangential irradiation of 
the breast, respira tory movements causø the PTV to 
move and extend o u tside the ave rage position of the 
body contour (Fig, 2.13.). The situation should be 
håndled according to general rules when appropriate 





Fig. 2.11. Clinical exampleof possible intrafractional displace- 
ment of thc GTV (carcinoma of the pancreas) in relation to 
internal fixed point(s) (the vertebral body, visible to the lefl). Due 
to respiratory movements, the implanted metallic clips in the 
tumor move al least 6 mm during an exposure of 1 second 
duration at the simulator. The horders of the proposed treatmont 
field are also shown (the dots are 1 cm apart). 


beam slzes are .selecled t.o cornpensato for thc s c 
geometrical uncerlaintics. However, in these cases, 
there will be a problem when the ahsorbed dose 
distribution for the PPV is calculaled and displayed, 
since this cannot be done in a ineaningful way 
outside the body conlour, when shown in a .single, 
“ave rage,” s ta tic representat ion. As an approxi ma¬ 
tion, one can per form thc dose computation assum* 
ing the normal tissues to be in the extreme position 
(moved towards the surface, seø Pig. 2,13., dashed 
line) so that the obsorbed dose distribution to the 
CTV is sirnilar to ihe onc that would bc found if there 
were no geometrical uneertainties and then calcu- 
late and display thc dose distribution to the PTV. In 
any case, it is recomrnended that a description be 
given of the method that was used. 

One difhcult.y in choosing a FTV results from the 
presence of radiosensitive noimial lissue(s) (Organs 
at Risk, see definition below), If a compromise be- 
tween an adequate selection ofa PTV and the risk of 
complicalions is unsatisfactory for a provisional 
beam arrangement, then alternative boam arrange¬ 
ments must be considered qls part of an optimi- 
zation procedure. If the PTV and the PRV overlap 



Fjg. 2.12. Rxample of significant variations in patient/beam 
po.sitioning. In the simulator film ofa treatmont of'a pelvic tumor, 
the prcscribed anterior field is indicated by white lines. The red 
lines represent the horders of the beam at successive fraction.s, 
using treatnient verification images. This is likely indicative af 
both A and B uneertainties (see text section 2.4.d.). 

(CourU\sy. Lars Ekberg, MD, Depl. ofOncolog\', Malmo, Sweden.) 


(see scction 2.7,2,), this must bc considered when 
prescribing dose and fractionation. In some cases, 
it may be necessary to change the prescription (for 
volumes and/or dose Icvels) and thon accept a 
changed pj*obability of benefit, When, for radical 
treatments, the probability of local control dimin- 
ishes, then the aim oftherapy may shift from radical 
to palliative. 

2,4.3 Adding or Combining the Margins 

When choosing a PTV, the di ff c rent types of mar¬ 
gins identified above must bc added or combined. 
Ditferent scenarios are depicted in F'ig. 2,16. 

tn choGsing margins, the risk of missing part of the 
CTV must be balanced against the risk of complica- 
tions due to making the PTV too large. For instance, 
if margins are added linearly, the resulting may 
otlen be too large, with a consequent risk of cxceed- 
ing patient tolerance. 

Since margins are introduced to com pens ate for 
both random and systema tic uneertainties, a qua- 
dratic combination approach sirnilar to that rccom- 
mended by the Bureau International des Poids cl 
Mes ures (BIPM, 1981) is often employed. This may 
provide a means to combi nc random and sy s tema tic. 
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Fig, 2,13. Patient with cancer of the ieft breast atter luinpec- 
tomy (no present) considered for posloperative radiotherapy 
to the whole breast (not shown here. but given as shown in Fig, 
2.6.. ICRU Report 50), and a boost (shown here) to the tumor bed. 
The relations between the different volutnes and margins are 
shown in one planar section. The internal and external reference 
points ai*e indicated. Due to the respirator>' movement, Ihe Pl'V 
extends outside the average position of the body contour. 

Light red = CTV tClinical Target Volume), 

Dark blue ITV (Internal Target Volume), 

Låght blue = PTV (Planning Target Volume). 

► OR (Organ at Risk, in this case the 
Left .'Vnterior Descending Coronary 
Artery. shown here as projected onto 
the section), 

Fight green PRV (Planning Organ at Kisk VoF 
ume), 

- - Average position of the conLour and 

tissues, 

— = Extreme position of the normal ti.^- 

sues (see section 2.4.2.). 

A Internal Reference Point. 

■ = External Reference Point. 


as well as correlated and uncorrelated uncertaintics. 
.Tn many instanccs, this process provides realistic 
and acceptable results (Mijnheere/ al., 1987). Unfor- 
tunately, this ideal approach can be applied strietly 
only in situations where one can identify the causes 


or errors and quantify the uncertainties {e.g,, by 
standard deviation). Currently, this is not generally 
possible Gxcept for a few situations sojne con for¬ 
mal therapy protocols). 

In practice, at present, the PTV inust be del in- 
cated by the radiation oncology team based on 
experience and judgment drawn from obser¬ 
vation and evaluation of the risk of failure and 
complications. In any case, the method used to 
select margins and their widths must be clearly 
reported. 

NOTE: THE PENUMBRA 

The penumbra of the beam(s) is not considered 
when deiineating the PTV. However, when se leet i ng 
the beam sizes, the width of the pen umbra has to be 
taken into account and the beam size adjusted 
(enlarged) accordingly. 

2.5 Treated Volume 

2.5.1 General Aspect s 

Due to limitations of irradiation techniques, the 
volume receivingthe prescribed dose does not gener¬ 
ally match the PTV; it may be largcr (sornetimes 
mueh larger) and in general more simply s haped. 
This leads to the concept of IVeatecl Volume. 

The Treated Volume /s ihe tissne volume that 
(a ecord i ng to th e a p pro ved treatraent plan) is planned 
to reeeive at least a dase selected and specified by the 
radiation oncology team as heing appropriate to 
achieue the purpose of the t real ment, e.g., tumor 
eradication or palliatkm, with in the bounds of accept¬ 
able com p I i ca. t i o n s . 

The Ti'eated Volume is the volume cnclosed by the 
isodose surface corresponding to that dose level. The 
relative value of the isodose that was selected to 
de fine the Treated Volume in relation to the dose at 
the ICRU Reference point shoukl be stated when 
reporting. Alter na ti vely, the value of the dose level 
that was selected to defme the Ti^eated Volume can 
be expressed in absolute values. For example, if the 
prescribed dose at the ICRU Reference Point is 60 Gy 
and if a dose variation between +1% and -5% is 
accepted in the PTV, the Ti^eated Volume is enclosed 
by the 57 Gy (^ 95% of the 60 Gy) isodose surface, 

The delineation of the Ti'eated Volume is com- 
pleted when the treatment planning procedure is 
comploted and the beam arrangement, as well as all 
other irradiation parameters, have been verified. It 
is the aim of Quality Assurance Procedures to ensure 
that actual Treated Volume corresponds to the 
planned Ti-eated Volume. 

It is important to identify the 'lYeated Volume 
and its shape, size, and position in relation to the 
PTV for se ve ral reasons. One is to evaluato and 
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T/\BLK 2.\-~Factors to be considered when defining a planning target volunie 



fnlrnlrnclional v^jnaliona 
(Varijjitionjj during a singlo fraction) 

Inlerfraclional variations 
(Variations during the entirr? counte of treatment) 

r rttegory 

Random 

Sy.siemalic 

Random 

Systcmatic 

Variations of CTV 

In size 

In position relative to a 
fixed point in the 
patient 

Physiological procosses 
(circulation, respira¬ 
tion, peristalsis) 
Physiological prcccsses 
(circulation, respira¬ 
tion, peristalsis) 

Physiological proces.ses 
(circulation) 

Change in trealment 
position (prone-supine) 

Physiological processes 
(e.g., degree of bladdor 
filling, bowel gas ) 
Physiological processes 
(e.g., degree ofhllingof 
cavities) 

Tumor reduction or 
swelling 

Weight los s 

Variations in position of 
the patient relative to 
the treatment beams 

Patient movements 


Daily set-up 

Technical er ror s 


interpret causes for Local recurrcnces (“in-fieW 
versus “marginaf’), Another is to evaluate and 
interpret complicalions in normal tissues (encoun- 
tered outside the PTV but within the Ti'eated Vol- 
ume). 

2.5.2 Conformity Index (Cl) 

A Conformity Index (Cl) can be employed when the 
PT\^ is ful ly enclosed by the Treated Vol urne, then 
being the quotient of the ^Pr'eated Volunie and the 
volume of the PTV. A similar '‘Radiation Conformity 
Index (RCrr was proposod by Knobs et ah (1998). 

The Cl can be used as part of tho optimization 
procedure. It must be stressed that when defining 
the Cl, it is implied that tho Ti-eated Volume totally 
encompasses the PTV' 

2.6 Irradiated Volume 

The Irradiated Voliirae is the. I issne nol urne that 
recewes a dose that is considervd signifcant in 
r'elation to normal tissue tolerance, 

If the IiTadiated Volume is reported, the signifi- 
cant dose must be expressed either in absolute 
values (in Gy) or relative lo the speoified dose to the 
PTV. The Irradiated Volume deponds on the treat- 
ment technique used. 

Note that the size of Ihe Irradiated Volumo rela¬ 
tive to the Treated Volume may increase as the 
number of beam directions increases (Fig. 2.17 
and Table 2,dj. This Implies a compromise, and 


T.\BrE 2.2 —Range of movements (mni) of the CTV in relation to 
an internal fix-point (vertebral hody) in 20 patients with lung 
cancer, sludied jluoroscopically during normal respiration** 



Medio-lalenil 

C'ranio-caudal 

E>on«o-ventral 

Maximum movement 

5,0 

12.0 

5.0 

Average movement 

2,4 

3.9 

2.4 

Standard deviation 

1.4 

2.6 

1.3 

“From Ekbergc/ al.. 

1998. 




it is the rcsponsibility of the radiation oncology 
team to select what is judged to be the optimal 
treatment. 

In “conformal therapy'’ using beam shaping, e.g., 
by MLC (Multi Leaf Collimator), or customized 
blockings, both Ti'eated Volume and Irradiated Vol¬ 
ume can be reduced. 

2.7 Organs at Risk (OR) 

2.7.1 Definition of Organs at Risk 

Organs at Risk rcritical normal structures'') (see 
cdso secthm 3,5,) are normal tissues (e,g,, spinal 
eord) whose radiation sensitivily rnay significantly 
influence tweatment planning and!ar prescrihed 
dase 


Note: An example of treatment of a prostatic adenocarcinoma, 
using 2, 3, and 4 intersecting beams and arc therapy (open beams 
i.e., square or rectangular), and 3 and 4 intersecting beams with 
multileaf collimator (conformal thenipy). The dose distributions 
are displayed in Fig. 2.17. The lOOV; isodose is taken at the ICRU 
Reference Point (intersection of beam axes). The Treated Volume 
is endosed in the 95% isodose surface, and the Irradiated Volume 
by the 50'^v isodose surface. When the number of beams is 
increased, the Conformity Index (CI 95 ), (i.e.., the ratio between the 
Treated Volume and the PT\') decreases (comes doser to unity). 

This i.s not the ca.se with the Irradiated Volume. The use of the 
multileaf collimator definitely improves the situation. (From N. 

Gupta. Ph.D , The Ohio State University). I 13 


Ta BLE 2..3 —Variation of Treated Volume and Irradiated Volunte 
for difjerent beam arrangements 



Volume ratio 


Trealcd Irradiated 

PT\^ 

volume volume 


Beam gmingcmeni 

(359 emP 

PTV 

PT\' 

A. OPEN BEAMS; 




Two Parallel Opposod Beams 

1 

4,35 

S.56 

Three Intersecting Beams 

1 

2.61 

11.90 

Four Intersecting Beams 

1 

2 .G 1 

9.58 

.\rc Therapy 

B. MUT.TILEAF COLITMATOR; 

1 

2.18 

9.14 

Three Intersecting Beams 

1 

1.74 

7.40 

Four Intersecting Beams 

i 

1.60 

6.38 
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VOLUME/MARGtN 


REFERENCE POINT AND 
COORDINATE SYSTEM (1) 


Gross Tumor Volume 
GTV 


Subclinical disaase 


CHnical Target Voiume 
CTV 


Intømal Margin (2) 

IM 


I ntern al Target Voiume 
ITV 

{= CTV IM) 


Setup Margin (3) 
SM 


Plannlng Target Voiume (4) 
PTV 

CTV + combined IM and SM) 



^1 

for imaging procedures 


Cp 

intornal reference point 


internal reference point 

external reference point 


Organ at RisK (5) 

OR 

A internal reference point 



Plannlng Organ 
al RisK Voiume 
PRV 



PTV and PRV for treaimenl 
plannlng purpoae (6) 


Fig. 2.14. Schematic representation of the different volumes/margins. 

Notes; 

(1) For explanation, soe Sections 2.1-2.7. 

(2) The Internal Margin may l>e asymmetrical. 

(3) Like the Internal Margin, the Set-up Margin may also be asymmetrical, 

<4) To delineate the PTV', the IM and SM are not added linearly fsince thi.s could result in an excessively large PTV), but are combined 
essentially subjectively (for explanation, see text). The PT\‘ is thus smaller ihan if one would simply have added the IM and SM 
linearly. 

( 5) For Organs at Hisk (OR), margins are added in ihe same way as for the PTV 
i6) The Pr\^ and PRV’ may or may not overlap. 
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Presently, our knowledge about the sensit.ivity of 
normal tissues is deriveed mainly from clinical obser¬ 
vations. Hovvever, different approaches have been 
proposed for the modeling of normal tissue complica- 
tion p.robability (NTCP): the empirical model intro- 
duced by Wolbarst al. (1982); and also desexibed by 
Lyman (1985), and the funetional models based on 
the FSU (Funetional Sub Unit) concepl (Withers ef 
al. [1988], Kaliman ei oL [19921, and Olsen ei aL 
(19941). 

The FSU-coneept suggests that, foj' the purpose of 
evaluation of the volume-fractionation-rcsponse. the 


tissues of an Organ at Risk can be considered to bc 
functionally organized as either ‘\seriah” ''parallel,” 
or “seriaLparallel” structures (Fig. 2.18.). For ex- 
ample, the spinal cord has a high “relative seriality,” 
inipl>dng that a dose above tolerance limit to even a 
small voiume of this Organ at Risk may be deleteri- 
ous; whereas, the lung usually has a low "relative 
seriality” meaning that the most impoiTant param¬ 
eter is the relative size of the voiume that is irradi- 
ated above tolerance level. 

La te effeets from man tic treat ment for Hodgkin s 
disease may sei^^e as an example (Gustavsson et ai, 

























Fig. 2.15. Illustration of Beam's Eye View (BEV) for two 
isocentric beams. The C^IT/ and PTV are inclicated (light red, and 
light blue, respectively in the three body sections). The projections 
of the CTV and I^V on the two planes pcrpendicular to the beam 
axis are shown. Closed circles and open circles are used to 
illustrate the projection geometries. 


1990, 1992). At similar dosey, the late effects from 
the (partial) irradiation of the lungs (a parallel 
tissue) wore mach less serious than those from the 
heart (a eo mb i ned serial Icoronary arteries] and 
parallel Imyocardium) tissue). 

For the moment, the model has not been tested 
encjugh to allow for firm recommendations, but in- 
deed it highlights an important problem. It may be 
useful to State whether the Organ at Risk is consid’ 
ered to be ar rangod main ly serial ly, main ly in paral¬ 
lel, or mainly in a mixed scrial-parallel fashion. 

2.7,2 Planning Organ at Risk Volume (PRV) 

As is the case with the Planning Target Volume, 
any movoments of tbe Organ(s) at Risk during 
treatment, as well as uncertainties in the scl-up 
during the whole treatment course, must be consid- 
erod. 

An integrated margin rnusl be added lo the OR to 
compensate for thesc variations and uncertainties, 
using the same principles as for the PTV. In particu- 
lar, Internal and Set-up margins can be iden ti fi ed, 

This loads, in analog\^ with the PTV, to the concept 

Planning Organ at Rl^k VrVnme (PRV). 

For report i ng, it is recommended that, as for the 
PTV, the PRV be described by including the size of 


the combined margins of the Organ at Risk in 
different directions. 

Note that a and a PRV may overlap. 


2.8 Recommendations for Recording and 
Reporting Volumes 

When reporting a radiation treatment, some impoz- 
tant oncological information rnust he given first, e.g., 
the description (plural, when relevant) of the 

• Gross Tumor Volume (GTV), 

• Clinical Target Volume (CTV), 

Then, the information concerning the treatment 
itself must be given, in particular: 

• Planning Target Volume (PT\^), 

• Treated Volume, 

• Irradiated Volume^ 

• Planning Organ at Risk Volume (PRV), 

The description of the Planning Target Volume is a 
key point in the description of the treatment. Delin- 
eation of the Planning Target Volume is always a 
compromise, implying thejudgmenC experience, and 
ihus the responsibility of the radiation oncology 
team. The difterent margins that were added or 
combined as well as the Organs at Risk that were 
considered when defining the PTV should be clearly 
described so that the aim ofthe treatment and the 
doses that are reported can be understood unambigu- 
ously. 

Furtherrnore, as a general recommendation, addi¬ 
tional relevant information should be reported. 


Graphics 

It is common practice to mark the position of 
anatomical s true tu res with different colors to pro¬ 
mote the proper interpretation of the decisions made. 
A common examplc is to depict ‘The tumor'’ in red. In 
treatment planning, different colors will be used for 
anatomic structui'es, Tegions of interest,” beam gc- 
ometry, and distribution of absorhed dose. The colors 
musl be easily interpreted. 

For the moment, there is no general agreement on 
the choice of different colors or shades for thesc 
purposcs. 

In this report the following convention is recom¬ 
mended and has been used: 

GTV'": Gross TTirnor Volume — dark red 

CTV; Clinical Target Volume — light red 

ITV; Internal Target Volume — dark blue 

PTV: Planning Target Volume — light blue 

OR; Organ at Risk —- dark green 

PRV: Planning Organ at Risk Volume — light green 

Landmarks — black 
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i 



i The arrow illustrates the influence of the organs at risk 
on delineation of the PTV (thick.futl line). 

m Gross Tumor Volume (GTV) 

□ Subclinical Involvement 

m Internal Margin (IM) 

I I Set Up Margin (SM) 


Fig. 

scenarios. 


Schemalic representations of the relations between the difierent volumes (GTV, CTV, PTV, and JMiV) in diftérent clinical 

[("aptiun conlinued on page 17.[ 
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In case f-uither Ofo ai'e identified, to avoid contusioiij 
additionaJ colors can be selected, e,g,, yellow (or brown) 
(dark color indieating' the OR, and con-esponding light 
color indicating the PRV). \Vhere the figiires in this 
report have been prepai'ed specifically for this docu- 
ment, the i’ocommended color code has been used, hut 
where the figures are taken from other sources, the 
original author s scheme is rephcated, 

The volumes should be presented as color surfaces 
(Fig, 2.18J and not just their contours, 

It is important that new eonventions such as these 
should be introduced in a de partment on ly if they 
can he expected to promote safety and when thcre is 
no ri sk of increased error or con fusion. 

2.9 Probability of Benefit and Risk 
of Complications 

A safety margin around the GTV is generally 
irradiated to treat subclinical diseasc. Also regional 
lyrnph node areas are often irradiated for the same 
reason. This leads to the concept of the CT\^ (see 
section 2.3,). An additional safety margin is addod to 
take i nto account the mo vemen ts and the variations 
in shape and size of the CTV, as well as the variation 
and uncertainties in patient-beam positioning. This 
leads to the conceptofthe PTV (see section 2,4.). 

The concept ofa safety margin can also be applied 
to the OR, since, because of the rnovements of the 
organs in the body and the uncertainties in position¬ 
ing of the beams in relation to the patient, there is a 
risk that the OR will receive an excessive dose. 


Ideal fy, one would pro fer to irradiate on ly the 
tissues containing malignant cells, /.c., the GTV and 
the normal tissues actually involvod by subclinical 
disease. In practice, one takes the risk of iiradiating 
non-invaded tissues if the probability of involvement 
is high enough. 

The probability of subclinical involvement around 
the GT\^ and in the regional lyrnph nodes can only be 
learned from clinical experience. It i.s then a matter 
of clinical judgement whether treatment of these 
tissue.s is justified. Other factors must be taken into 
consideration when making such a decision: the 
efficacy of irradiation of subclinical disease, or alter¬ 
native methods of treatment (surgery or chemothcr- 
apy). One also must eonsider morbidity. In addition, 
one must avoid over trea ting patients who will fail 
eilher locally or at a distance, or patients already 
c ured by successful treatment of the GTV, Future 
diagnostic (imaging) methods can be expected to 
improve detection of (previously) subclinical disease, 
which can tb en become part of the GTV. However, 
the problem will not be eli mi nated totally; only the 
probability levels will be modified. 

Du ring the treatment planning procedure, addi¬ 
tional marg'ins must be added to the CTV in order to 
avoid underdosage of part of the CTV. Similarly, 
margins mus I be added around the OR in order to 
avoid overdosage of paiT of the OR. These two types 
of volumes and margins may overlap, and the best 
possible compromise must be found; it depends on 
the experienee, judgement, and skiil of the radio- 


Fig. 2.16. (Continiied) 

Scenario A. 

Amargin is added around the Gross Tumor Volunie fGTV) to take iiiLo accoimt potential “suLxiiiiicar’ invasion. The GTV and this margin 
define the Clinical Target Volume (C/I'A^). 

In extemal beam therapy, to en.sure that all parts of the ClV receive the prescribed dose. additional safety niargins for geometric 
variations and uncertainties must be considered. 

An Internal Margin (IM) is added for the variations in position and/or shape and size of the CTV. Thisdefines the Internal Target Volume. 

ASet-up Margin (SM) is added to take into account all the variations/uncertainties in patient-beam positioning. 

CT\^ - IM + SM define the E4anning Target Volume (FIV) on which the selection of beam size and arrangement is based. 

Scenario B. 

The simple (linear) addition of all factors of geometric uncertaintv, as indicated in scenario A. often leads to an evces.sively large FI'V. 
which would be incompatible with the tolerance of the surrounding normal tissues. 

In such instances. instead of adding linearly the Inlemal Margin and the Set Up Margin, a compromise has to be sought, and a smaller 
P'IV has to be accepted. However, when aiming at optimizing the width of the “glohaP safety margin, a quantitative approach (e.g.. using 
the \Xcri formali.sm) is only relevant ifall uncertainties. and their (T, are known, Le., in afew .sophisticated protocols. 

Scenario C. 

In the majority of the clinical .situatitms. a “global" safety margin is adopted. In somecase.s, the presence of Organs at Risk dramatically 
rcduces the width of the acceptable safety margin (presence of the spinal cord, Optical etc .). In other situations, larger safety margins 

may be accepted. 

Since the incidonce of subclinical inva.sion may docrease with distance from the GTV (see Fig. 2,6.f a reduction nf the margin for 
subclinical invasion may still be compatible with chance for cure, alheit at a low'er probability rate. 

It is imfwrtant to stress that the thickness of the different safety margins may vary with the angle from wdiich one looks at the PT\^ ieg., 
bony structures or fibrotic iissue may prevent, at least ternporarily, malignant cell di.ssemination). 

(Note that if an adoquate dose cannot be given to the whole GTV. the whole aim of therapy shifts from radical to paiiiati^e.) 
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Fig. 2.17*a, Comparison of six diffcrent Treated Volumes resulting from the irradiation of the same Planning Target Volurne for iho 
treatment of prostate adenocarcinoma usingtwo(2.l7.a.l), three (2..17.a.2j, four (2.17.a.3) fields and arc therapy (2.17.a.4) wilh open fieids, 
and three (2.17.a.5), and four (2.17.a.6) fields with Multi Leaf Collimaior (Ml.C). Exampies of do.se distributions are shown in transvei se 
and coronal sections, respectively. The CTV is in light red. The PTV is light blue. The rectum is indicated in dark green, and the bony 
structures are yellow. The dose at the fCRU Reference Point is taken as 100%. Six figures compare the dosc distributions in central pbines, 
The Treated Volumes are enclosed in the 95% isodose surfaco (■•••). The Irradiated Volumes are enclosed in the 50% isodose surface (—). p or 
the treatment plans involvingS and 4 beams, the dose distributions ohtainod with unblocked fields and wjth conformal blocking(MLC) are 
COmpared. 
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(Continuetl) 


2 PARALLEL OPPOSED BEAMS 


3 INTEHSECTING BEAMS 




20 40 60 80 100 120 

Percont At>sort)ed Oose 


Mm 1.7 

Max 106.1 

Mecban 5.3 

Moan 34.5 

Stand.dev 40.6 



Opon 

MLC 

Mm 

3.9 

2.9 

Max 

107.7 

106.1 

Median 

47.6 

22.3 

Mean 

48.9 

33.6 

Stand.dev 

29.0 

28.4 


4 INTERSECTING BEAMS 


ARG THERAPY 


Fig. 2.1,7.b. Same examples as in 2.17.a. Cumula- 
tive dose-volume histograms for the external patient 
surface (volume) are conipared for all treatment plans 
shown in Fig. 2.17.a. For 3 and 4 beams. the dose volume 
histogram with open beams and Multi Lcaf Collimator are 
comparcel on the same figure. 




Open 

MLC 

Mm 

28 

2.3 

Max 

104.4 

104.5 

Median 

45.0 

19.0 

Mean 

43.1 

30.8 

Stand.dev 

30.0 

292 



L* n 6.9 

Max 116.1 

Median 42 1 
Moan 48.2 

Stand dev 25.9 
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Fig. 2.18. Schematic examplets of tissue 
organizatioa slructui’eii in the parallei-serial 
model. 

(a) a serial string of subunits the spinal 
cord), 

(h) a parallel string of subunits the lungs), 

(c) a serial-parallel string of subunits (e.g., 
the heart), 

(d) a combination of parallel and serial strue- 
tures ie.g., a nephron). 

(Modified from Withcrs et al, {and Kali- 
man et al., i 1992).) 


therapy team and also on the technical equipment 
and facilities available. 

In any case, the presence of ORs always implies 
compromises, and it is necessary to apply the risk 
philosophy. \\Tien increasing or decreasing the width 
of the safety margins, the risk of missing part of the 
cancer cell population rnust be balanced by the risk 


of increasing the number and/or sevcrity of the 
complications. Further ciinical quantitative informa¬ 
tion about the cost/benefit ratio will help to make the 
decisions more objective, 

Thcse situations are illustrated in Fig. 2.16. A 
reasonable balance will have to be found for each 
individual patient. 
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3. Absorbed Doses 


3.1 From Prescribing a Therapeutic 
Irradiation to Recording and Reporting 

P reskript ion of treatment remain.s the respons ibil- 
ity of the radiation oncotog'y team in charge of tho 
patient, and it is not the purpose of this repoi't to 
make recommendations about treatment prescrip- 
tion itself. However, it is obvious that adoption of the 
same concepts and definitions for prescribing, record¬ 
ing, and reporting will facilitate the procedure and 
reduce the risk of confusion. 

In ordor to make exchange of information precise 
and accurate, it is important that treatments per- 
formed in different centers be reported in the same 
way, using the same concepts and definitions, 

The following recommendations for reporting are 
aimed at establishing a set of minimum information 
items on which there should be general agreement 
and which should be reported in all cases. This would 
meet the general goal of the present report, but, of 
course, any additional information considered as 
relevant should be added, 

Such additional information could be related to: 

A moro accurate and detailed description of the 
dose distribution, average dose and its 

standard deviation, dose-volume histogi'ams 
(DVH),e^c. 

■ An accurate description of the dose at different 
anatomical sites (including Organs at Risk). 

Reporting such additional information is encour- 
aged, since it could ultimately contribute to develop- 
ments and improvernents in radiotherapy. 


3.2 The ICRU Reference Point 

As a general principle, the present system of 
recommendations for reporting doses is based on the 
selection ofa point within the PTV, which is referred 
to as the ICRU Reference Point. 

The ICRU Reference Point shall be selected accord- 
ing to the following general criteria; 

(1) the dose at the point should be clinically 
relevant; 

(2) the point should be easy to define in a clear 
and unamhigxious way; 

(3) the point should be selected so that the dose 
can be accurately determined; 

(4) the point should be in a region where there is 
no steep døse gi'adicnt. 

These recommendations will bc fulfilled if the 
ICRU Reference Point is located: 

- always at. the center (or in a central part) of the PTV, 
and 

- when pOHsible, at the interHection of the bearn o.xes. 


The dose at the ICRU Reference Point is the ICRU 
Reference Dose and shall always be røported. 


3.3 The Dose Variation Throughout the CTV 

Tumor control depends on the dose to the CTV and 
its variation. However, the variation in CTV dose can 
only be es ti mated from the variation in the PTV 
dose. 

Acertain degrec of inhomogeneity of the absorbed 
dose throughout the PTV is always present, A dose 
variation may even be desirable in some instances. 

According to the recommendations already pub- 
lished (ICRU Report 50, ICRU [1993]), as a hasie 
requirement, the following doses shall be reported: 

• the dose at the ICRU Reference Point, 

• the maximum dose to the PIV, 

• the minimum dose to the PTV. 

The PTV and the PRV are fixed volumes related to 
fixed anatomical structures, and thus allow for an 
accurate computation of the dose at the center, the 
maximum dose, and the minimum dose and for the 
presentation of dose-volume histograms. Such histo¬ 
grams should be reported for the PTV and PRV, 
when available, 

Since the CTV can move in space and can change 
size and shape, the dose at the center, the maximum 
and the minimum dose, and the dose-volume histo¬ 
grams can not be determined with high accuracy. As 
far as the dose at the center of the CTV is concerned, 
its value is generally close to that of the dose at the 
center of the PTV, which thus can be reported as a 
reasonable estimate of the dose at the center of the 
CTV. 

As far as the maximum dose to the CTV is 
concerned, its value is generally close to that of the 
maximum dose to the PTV, which thus can be 
reported as a reasonable estimate of the maximum 
dose to the CTV 

As far as the minimum dose to the CTV is con¬ 
cerned, it is by definition, equal to or larger than the 
minimum dose to the PTV The minimum dose to the 
PTV can thus be considered as a lower limit of the 
possible range of minimum dose values for the CTV. 

A dose-volume histogi'arn can be computed for the 
PTV, since this is a fixed volume, vSome parts (doso lo 
the border) of the PT\^' could (for presentation in an 
average section) be outside the body con tour. In such 
situations, dose distributions, such as dose-volume 
histograms, must be computed only for that part of 
the PTV completely enclosed by the average body 
surface (see Fig. 2.13.), 
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Furtherniorc, such information for the GT\\ CTV, 
and ITV should, when feasiblc, be reported. 


3,4 The Three Lrcvels of Dose Evaluation 
for Reportinfj 

The level of completcnews and accuracy of report¬ 
ing therapeutic irradiation depends to a large extent 
on the situation in the departrnent and on the aim of 
the treatinent. Different levels of ambition for dose 
evaluation can be identified for diflferent clinical 
situations. Three levels have been selccted for rea- 
sons given helow, but it is recognized that intermedi- 
ate levels could also be identified. 

In the following paragraphs, only the hasic, mini¬ 
mal requirements are outlined. However, as a gen¬ 
eral rule, reporting of any additional available infor¬ 
mation considered to be clinically relevant is 
recommended. 

Since the publication of ICRU Report 50 in 1993, 
some experimental techniques have been fully imple- 
mented and bave become available as commercial 
software and equipment. Hence, the description of 
the three levels had to be changed accordingly. This 
is redected in the definitions of the three i^eporting 
levels in this Report. 


Level 1, 

The requirements should be followed in all cen¬ 
ters, for all patients. They eonstitute the minimum 
standard below which safe and accurate radio- 
therapy can not be performed. At this level, it is 
assumed that the dose at the ICRU Reference Point 
can be accu rately deterrnined as well as an esti mate 
of the maximum and minimum doses to the PTV, 
using at least centraTaxis depth dose tables and 
standard isodose charts. 

These basic level requirements imply that medical 
and physics expertise as well as appropriate equip¬ 
ment are available (see, e.g., Official Journal of the 
European Commission, 1997; Aletti and Bey, 1995). 


volumes, with inhornogeneity corrections, when ap¬ 
propriate. 

There inust be a full quality assurance progi'arn 
covering the whole procedure. 


Level 3, 

Level 3 includes the development of new tech¬ 
niques for which reporting criteria are not yet estab- 
lished (e.g., BNCT, intensity modulation, etc.). 

Some procedures, which are now at level 3^ can 
hecome level 2 with the development of techniques, 
equipment and standards. 

At any level, the dose at the ICRU Reference Point 
and the best estirnation of the maximum and the 
minimum dose to the PTV should be reported. 


3*5 Organs at Risk (OR) 

To be able to calculate the probahiiity of late eflects 
in normal tissues, one must consider not only dose 
and fractionation, but also volumes of the Organ at 
Risk irradiated. 

For each Organ at Risk, when part of the organ or 
the whole organ is irradiated above the accepted 
tolerance level, the maximum dose should be re¬ 
ported as defined in ICRU Report 50, Section 2.4.3 
(Level 1). 

Examples: Maximum spinal cord dose = 42 Gy, 10 
cm C1-C4; le ft kidney dose = 21 Gy, whole kidney. 

The volume receiving more than the accepted 
tolerance dose should be evaluated from the dose- 
volume histograms (Level 2 and above). 


3*6 Reporting Doses in a Series of Patients 
3.6*1* Introduction 

The first part of the present report, as well as 
ICRU Reports 29 and 50, deal with dose reporting in 
a single individual patient. A different situation is 
encountered when reporting the results of treatment 
in a series of patients. For that purpose, the foUow- 
ing rules are recommended. 


Level 2. 
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The standards of dose planning at this level allow 
the exchange of more complete and relevant informa¬ 
tion between different centers. 

At this level, it is assumed that the GT\^, CTV, OR, 
PTV, and PRV can bc defined using reliable patient 
data acquisition tools and/or modern imaging tech¬ 
niques under reliable conditions (e.g., a series of CT 
and/or MRI sections). It is also assumed that com¬ 
plete dosc distributions are available in planes or 


3.6.2 Reporting Prescription of Treatment 
(Protocol) 

The description of volumes must be consistenl 
with the definitions used in this repoiT (see above). 

The prcscribed dose to be given to the PTV and its 
fractionation must also be described as indicated in 
tb is report. An example of such a deschption is given 
in Table 3.1 and is also illustrated for the cases in tho 
Appendix, 



Table ’^.l—iypkalprescription of trminunit for a i^tudy LTivolvinv^ 
a series of patients (derived from R^fOG, Purdy et al. 1996) 


A. Examplc of defin ition of GT\^, CTV, and PTV for a prostate 
cancer dose escalation study. 

{a) Gross Tumor Volume Definition by Group. 

Group 1: GW- Prostate. 

Group 2; GIV = Prostate^. 

Group 3: GTV = Pros ta te + bilateral søminal 
ves ides. 

(b) Clinical Target Volume Definition by Group. 

Group 1: CTV is the GT\^ (pros ta te). 

Group 2: CTVi is the Prostate + the hi lateral seminal 
vesicles. 

CT\G is the GT\^ (proslate). 

Group 3; CTV is the GTV (prostate H hi lateral 
seminal vesicles), 

(c) PI an n i ng Ta rge t Vo 1 unie De fi n i t i on by Gro u p . 

Group 1: IHA^ is the CTV with a 0.5 to 1.0 cm margin, 
Group 2: PFVi is the CTV; with a 0.5 to 1.0 cm 
margin. 

I^V-^ is the CTV.^) with a 0.5 to LO cm 
margin. 

(3roup 3: PTV is the CTV with a 0.5 to 1.0 cm margin. 

B. Lxample of pi'escription dose to PfVj and PTVj (as defined 
above in A.). Dose escalation schetiulo deiivered in 2.0 Gy 
fractions, all fields treated daily, 5 fractions per week. 

• Prescription dose is the ICRLJ Reference Point Dose 
wnthin the I*TV, which is defined at or near the center of 
the target (typically iiitersection of betims at isocent.er). 
The minimum dose to the ITV should not be less than 
939^; of the ICRU Reference Point Dose. The niaximum 
dosc to the PTV should not excr?ed the I(.1RU Reference 
Point Dose by more than <Wo. 

• The reported doses shall ind ude the dose to the ICRU 
Reference Pointe the maximum dose, and minimum dose 
lo the PTN^s, 

• Tissue hetorogeneity correction will not be used. 

(iroups 1 and 3: 

FfV 

ICRU Reference Point Dosc 
72.0 Gy 
78.0 Gy 
.M.O Gy 

(iroup 2: 

Fr\h Fr \^2 (boost) 

ICRU Ref. Pt Dose ICRU Re*f. Pt Dose 
60 Gy 12.0 Gy 

60 Gy -i- 18.0 Gy 

60 Gy L 24.0 Gy 


Total PTV,, 
ICRU Ref. Pt Dose 
72.0 Gy 
78.0 Gy 
84.0 Gy 


3.6.3 Description of Actual Treatment in a 
Series of Patients 

In clinical practice, it is not always possible to 
deliver the prescribed dose and dose distribution 
with in the PTV for each patient. Wdien collecting 
data over a considerable time spån, such as in 
retrospectivG analyses, great variation in dose and 
fractionation may be encountered, as exempUfied in 
Figure 3.1. Thore may also have been changes in the 
policy regarding factors such as prescription (e.g,, 
the usG of the ICRU Reference Dose rather than 
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Number of Fractions Numbor of Days 

Fig. 3.1. Results obtuined in 16 patients with rnedulloblas- 
torna, treated between 1946-1975. The dose at the ICRU Refer¬ 
ence Point in the position of the poste rio r fossa, distribut ed in 
numher of fractions (lefl) and number of treatment days (right) for 
16 patients, who, after a coinplete clinical remission, stayed either 
continuously symptom-free (twelve patients = •), or rclapsed in 
the poste rio r fossa (four patients - ><). (J.^andberge/' af., 1980), 


minimum dose), and dose normalization. Such 
changes may sigTLificantly influence the doses that 
were given to the patients, even though such a 
change may not be easily recognized. Even within a 
controlled clinical trial, some variations oceur (Fig¬ 
ure 3.2.), However, it is important that, for a series of 
patients, the principles for reporting volumes and 
doses follow the general recommendations for each 
individual patient. 

Reasons for deviations from the prescribed dose 
level may arise from interruptions due to deteriorat- 
ing patient condition, hardware break down, or 
re-Gvaluation of the patient resulting in a different 
prescription {e.g.y change from radical to palliative 
intent). Thus, the final dose variation in a series of 
patients ma\" be considerable and not lend itself to 
being reported according to the previously recom- 
mended principles, 

Henco, that proportion of patients in whom the 
dose variation is less than ±5%, ±5-10ff, and more 
than ±10%, respectively, relative to the prescribed 
dosc at the ICRU Reference Point shall be reported. 

This can be illustrated in a simple diagr-am, as 
exempUfied in Figure 3.3. The reasons for not deliver¬ 
ing the prescribed dose should be clearly stated. 
Preferably, analysis of important end-points such as 
survival and local tumor control should be carried 
out for the entire patient series, as well as for those 
patients who fulfilled the prescription and for those 
who did not. 

WTien reporting treatment, e.g., in a scientific 
journal, it is recommended that the prescribed CTV 
and PTV and the corresponding doses be illustrated 
in an isodose distribution chart, giving the total dose 
in Gy. 

The reporting of treatment techniques only in 
terms of field sizes and/or portal boundaries relative 
to anatomical structures (e.g, 10 cm X 12 cm pelvic 
field) is not sufficient. 
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60 Gy 



Patient Number 

Fig. Diagram showing thedose delivered to 125 patients in a non^small-cell lung cancer trial. The pret^cribed dose was 60 Gy ± 5W- 
at the ICRU Reference Point. The patients are sorted in clescending arder of (1) dose at the ICRU point, and (2) minimum dose. The dotted 
lines indicate the permissible dose variation of 2 from the prescribed dose. As regards dose to the ICRU point, 102 patients fulfilled the 
criteria; whereas, 23 patients received higher or lower doses to the ICRU Reference Point. (Courtesy of ^Vnn-Margret Engstrdm, HN. 
Oncological Centre, Lund, Sweden). 
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F'ig. 3.3. Graph showing tho proportion uf a series of patients receiving an absorbed close within three defined deviations from the 
prescribed dose in the protocol (same patient material as in Fig. 3.2 ). 

Upper Figure: dose at ICRU point. 

Lower Figure: minimum dose to the Pl^^. 

(Courtesy of Ann-Margret Engstrdm, RX. Oncological Centre, Lund, 
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Appendix 

Clinical Examples 


Three clinical examples are present ed in which 
the ICRU recommcndations for reporting' exlernal 
beam therapy are applied. 

Note I: In the three following clinical examples, 
the anatomical sites of the different volumes (such as 
the GTV, CTV and OR) are described according to the 
International Classification of Diseases for Oncology 
(ICD-0 (101) (Reference: WHO, 1990). Part of the 
WHO doeument is cited in ICRU Report 50 (pp. 
41-43). The anatomical levels of sGction(s) for 


treatemnt planning fol lo w the 'Todc for sections'' 
presented in Table 1.3 (page 44) in ICRU Report 50. 

Note II: The color code recommended (Section 
2.8.) has been used. For Cases Nos, 2 and 3, yellow 
has also been used to indicatc an additional Organ at 
Risk. Also note that for Cases Nos, 2 and 3, tbe 
photograpbs are taken di reet ly from the screen and 
the recommended colors appear changed in some 
instancGs due to the blending of the colors of any 
overlapping transparent volumes. 
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Case number 1. 

CLIN[CALSIT(jATION 


AlM OFTHERAFY 

GTV 

C'r\' 

Pl'V 


PRESCRIBED DOSE 
BEAAI .ARR^VNGEMEN'I' 


PATIENT POSrnONING 

SKCTION FOR 

DOSE PLANMKO 
ORGANS A^^ RISK 


ACCEPTED DOSES 

TO ORGANSAT RISK 
TECHNIQUE 


DOSE CATCCLAl'ION 


CONl'ROE MIvVSlJRES 


Breast Cancer: treatment of internal mammai'y nodes, 

iS-year old (ernale presenled with a 0.5 cm x 1.0 cm hard, mobile Kimp in the upper inner quad- 
rant ofthe lefl breast. Thore was no fixation to skin or underlying mu.sde and no palpable 
regional lymphadenopathy. Mammography sliowod a mass suspicious of malignancy. Clinical 
diagnosis Tlb NO MO carcinorna. Wide looal excision was pcrformed. Histology' showed a com- 
pletely excised ducRal carcinorna. 'fhe patient accepted no further treatment at ihe level of the 
hreast. Due to the localization ofthe tumor, the inlernal mammary nudo chain only was consid- 
ered to be at risk, and was accepted for radiotherapy. 

Radical radiotherapy after radical surgery. 

No s^^stemic therapy. 

No G'W to be defined. 

The homolateral internal mammary lymph nodes 1C77.1D'2], defined from CT-scmis. Diameter 12 
mm in the transverse section, cranio-caudal length 100 mm. 

A margin of 9 mm lo the CTV. 

The CTV, ITV, and FIA^ are shown in a transverse section at the level of the nipple in Fig. A.I.a. 

The cranio-caudal length of ihe is 11.0 cm. 

50 Gy in 25 fraction.s over 5 weeks. 

Tw o different techniques were evaluated; 
a. a single eleclron beam, 

b: a combination of onc pholon and one electron beani. 

Supine wdth arms raised. Chest and head immobilized in a plastic cast . Arm poles and foot board. 

A Styrofoam vv’odge under Lhe patient to make the surface o\'Gr stenium horizontal. 

Transversc section through the center of the CTV [24). 

A; lung tissue. [Parallel structure] IC34.9-2). 

B: myoeardium 1C3S.0) (lefl anterior descending roronary artery. LADC (Seriai structure), indi- 
cated by the arrow in Fig. A.I.a.). 

A: 30 Gy in at most 200 cnv"^. 

B: 30 Gy. 

Icchfiiqut' a A. f.bJ: 

The dose is prescribed on the central beam axis, at the depth ofthe center ofthe P'IA^ 

Electron beam 18 MeV. 

Beam perpendicular to skin. 

Beam directioii 0"'. 

SSD 100 cm. 

Field width 45 mm. 

Field length 130 mm. 

For electron beams, the dose is prescribed and reported at the maxiinum of the depth dose con-e. 
'fechnique b ih'tg. A.l.c.): 

A combination of one electron beam and one plioton beam wms chosen, each of them conliibuting 
to half of the prescribed dose, respecUvely. The dose is prescribed at the ICRU Reference Point, 
on the central axes of the two (coaxial) beams at the depth of the center of the PTV. 

The beam sizes are defined by the 50G isodoses (thus inciuding half of the penumbra). 

(1) Plioton beam 6 MV. 

Beam perpendicular to skiji. 

Beam direciion 0^'. 

SSD 100 cm. 

Field width 45 mm. 

Field length 130 mm. 

(2) Electron beam 18 McV. 

Beam perpendicular to skin. 

Bram direciion 0"^. 

SSD 100 cm. 

Field wndth 45 mm. 

Eield length 130 mm. 

For fechnique a (a single electron beam) (Fig. A. f.b.); 

Multiple plane dose calculation using 344 pencil beam electron algoriihm (Level 2) 

For techiiicfue h (combined coaxial photon and elcctrons beams) (Fig. A.I.c.t: 

Multiple plane dose calculation using photon beam generating funetions with correction for 
oblique incidenccf and tissue inhornogcrieity and correction for lo.ss of side-scatUm in 3-D. Flec- 
tron beam calculation based on 3-D pencil beam electron algorithm (Level 2). 

Simulator portfilms. 

Verifieations films of photon beams once a w r^ek. 

Diode measurements ofentrance dose prelormed Lwice. 

See capitons of Figs. A. 1 .b,-c. 


DOSF SPECIFICATION 
FOK REPORTING 
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Fig. A.La. 

Light red 
Dark blue 
Light blue 


Light green 

■ 

A 




The CTV. 1T\\ PTV, and PRV in a transverse section through the center of the internal mammarv nodes ( = central plane). 

= CTV (Clinical Target Volume), 

ITV (InternaJ Target Volume), 

= PTV (PlanningTarget Volume). 

Projection onto the central plane of Left Anterior Descending Coronarv Arteiy lOrgan at Risk. OR). The tops of the 
arrows (posterior and anterior) coirespond to the projection of the upper and lower part of the descending coronarv 
artery at risk ii.c., in the beam) respectivel\. 

= PRV(Planning Organ at Risk Volume). 

External Reference Point, 

^ Internal Reference Point. 
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Fig\ A-l.b. Dose distribution for one anterior 18 MeV electron beam. Tlie figures on the lefl show tho dosc distribution in a transverse 
plane, afler correction for tissue heterogeneity. The 95. 85, 65, 50 and 35'/^ isodoses are drawn; the 100% dose is the doso at t' le center of the 

PT\' (= ICRU Reference Point). The cumulative dose-volume histogram (D\Ti) for tho is shown on the right. 

Dose specification for reporting at level 2; 

Do.ses are correctod for ti.s.sue heterogeneity. 

^ Central dose in the FfV (ICKU Reference Point +) - 100%. 

* xMaximum dose in the PTV 103%. 

* Minimum dose in the Fr\^ = 84%. 

* Dose to the left anterior descending coronary artery (FRV); ranging from 73 to 28%. 

* Dose to the lung: in the central plane, only 15 cm^ receive a dose greater than 30 G_y. 

^ The average (mean) dose to the PT\''' is 96% with a standard deviation of 5.1% , and Ihc median dose is 98% . 
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Fig. A,l.c, Dose distribution for one antorior 18 M(?V electron bearn and one anterior 6 MV photon beam, each bcam giving the same 
dose conh'ibution at the ICRU Reference Point. The figuren on the loft show the dosc distribution in a transverse plane, aRer correction for 
tissue heterogeneitv. 'rhe 95, 85, 65. 50 and 35% isodoses are drawn; the 100% dose is the dose at tho center of the RI"V (= ICRU lieference 
I\>int). The eumulative dase-vol urne histogram (DVTI) for tJxe PT\^ is shown on the right. 

Dose specificatitm for rep^jrtingat level 2: 

Doses are corrected for tissue heterogeneit v. 

* Central dose in the Pl'V (ICRU RtTerence Point ^ ) 100%. 

* Maximuni riose in the PI%^ = 103%. 

* M i n i m u ni d ose in the FTV ^ 85%. 

* Dosc to the leR ariterior descending conniary artery (PRV); ranging from 80 to 55%. 

* Dose to the lung; in the central plane, only 16 cni ' receive a dose greater than 30 Gy. 

* The average (niean) dose to the PTV is 98% witli a standard deviation ol 3.8%, and the median dose is 98%. 
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Case number 2, 


Cancer of the Prostate. 


CLlNiCAI. SITUATION 


AIMOFTHER.APY 

GT\^ 

CT\^ 

PRESCRIBED DOSE 
BEAM ARRANGEMENT 

PATIENT POSITIONING 

DOSE PIANNING 


ORGANSAT RISK 

ACCEPTED DOSES 

TO ORGANS AT RISK 

TECHNIQUE 


DOSE CALCULATION 
CONTROL MEASURES 


DOSE SPECIFICATION 
FOR REPORTING 


64'year old male developed acute urinary retention. Rectal examination revealed a hard prostate 
giand wif-h an enlarged lefl lateral lobe. No palpable extensions ouUidc the prostate. Clinical 
diagnosis T2 carcinoma of the prostate. No other abnonmality on physical examination. Cystos- 
copy revealed prominent lefl lateral lobe of the prostate giand. Biopsy showed a poorly differen- 
tiated (G3) adenocarcinoma of the prostate giand. I.V. pyelography, isotopic bone scan, chest 
radiograph, and acid phosphateises were all normal. CT scan of the pelvis confirmed T2 staging. 
No involvenient of seminal vesicles or lymph nodes. 

Radical radiotherapy to prostate giand. (This case is illustrated in Figures A.2.a-A.2.h.) 

Tumor within the prostate giand. 

^fhe entire prostate giand and a margin of 3 mm. Dedned hy CT scan and palpatioii [C61.91. 

An 8 mm margin was added to the CTV to account for organ movements and variations in beam/ 
patient positioning. 

74 Gy minimum dose to the PW in 41 fractions over 57 days. 

Seven beams (anterior, right and left lateral, right and lefl antericr oblique beams, right and loft 
posterior oblique beams). 

Supine with head on standard head rest and arms on chest, feei rubber banded. Alpha cradlc 
immobilization. Laser alignment and skin, cradle marks. 

Avohimetric treatment planning CT scan was used to define GTV, CT\^, and OR. The treatment 
planning CT was acquired with the patient in the same position, immobilization devices, and 
conditions, as used for treatment. The CT scan of the pelvis started at approximately the iliae 
crest down to the perineum. CT scan thickness was 0.4 cm through the region that contains the 
PTV (i.e., from the bottom of the sacroiliae joints down to the j>enile urethra). The region ahove 
and below the target volume region was scanned with slice thickness 0.8 mm. 

A: Rectum (C20.9I. 

B; Biadder 1C67.91. 

C: Femoral heads 1C41.4G-41. 

A: Minimize rectum volume where the dosc exceeds 60 Gy. 

B: Minimize biadder volume where the dose exceeds 65 Gy. 

(J: Minimize femoral head volume where the dose exceeds 52 Gy. 

Seven 18 \rv photon beams. 

Anterior, anterior/postorior oblique, right and left lateral beams. 

Beam directions: 

1. 1.^11 Posterior Oblique, 135® (LPO), 

2. I.,efl Anterior Oblique, 45® (LAO), 

3. Lefl Lateral, 90® (L. lateral), 

4. .Anterior, 0® (anterior), 

5. Right Anterior Oblique, 315® (RAO), 

6. Right Lateral, 270® (Rt. lateral), 

7. Right Posterior Oblique, 225® (RPO). 

Isocentric technique. 

All fields custom shaped with MLC to provide 7 to 12 mm aperiure margin from PT\^ to nllow for 
penuinbra. 

Beam weights at the ICRU Reference Point: Vl.m. 22.2G, 12.9-;^, 3,9^r, 12.90^, 22.2G, and ]2,9G, 
respectively. 

Note that the anterior field was used primari ly as a set-up field, 

Bently-Milan dose calculation model, corrected for oblique incidence. no tissuo heterogeneity cor- 
rection, 

Anterior and lateral orthogonal Digitally Reconstructed Radiographs (DRR) compared to anido- 
gous orthogonal simulator films. 

Portal DRRs compared to simulator port films. 

Orthogonal DRRs compared to orthogonal Ist day treatment films. 

Portal DRRs compared to Ist day port film. 

Verification films of photon beams once a week. 

• At isocenter (ICRU Reference Point). 

• Maxiinum dose in the PTV. 

• Minimum dose in the P'FV. 

• Mean dose in the PTV. 


Courtesy, the Mallinckrodt Jnstitute of Radiology, St. Louis, MO. 
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Fi«. A.2.a. Prostate cancer patient, held in placc in supine position in Alpha Cradle immobilizatiun device, in preparation for CT 
planning scan. Multiple laser set-up points on the patient and positioning device are used to assist in coordinate transformation for 5-D 
planning and eventual plan implementation. 
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Fig. A.2.b. Color wash display for supine prostate cancer patient, showing exlernal skin surface, CT\^, FIV, PTV, and PRV for rectum, 
biadder and femoral heads. 

Upper lefl: anterior view. 

Upper right; lateral view (note right fenioral head was digitally suppressed).' 

Ixjvver left; oblique view. 

Lower right: inferior view. 

Following color code is used for all figures of the prostate case: 


prostate GIV 
CdV 

rrv 

PTV 

OR rectum 


not indicated 
red 

dark blue 
light blue 
dark green 


PRV rectum 
OR bl adder 
PRV biadder 
OR fe moral heads 
PRV femoral heads 


light green 
dark yellow 
light yellow 
white 

grayish white 


See also, Note II, page 26. 
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Fig. A.2.C. Color wash display, showing close up of CTV, ITV, PTV, OR and PRV for rectum, OR and PRV for biadder. 


Left: anterior view. 

Right: lateral view. 

Note skin surface and femoral heads are digitally suppressed. 



Fig. A.2.d. Color wash displays for prostate cancer patient showing 7-field technique. Extemal skin surfaces, beams, CTV, ITV, PT\^, as 
well as OR and PRV for rectum. OR and PRV for biadder, and OR and PRV for femoral heads are shown. The ICRU Reference Point, which 
is defined at the intersection of the 7 beams, is clearly seen. 

Left; oblique view. 

Right; inferiør view. 

Note this view gives a clear view of the ICRU Reference Point, defined at the intersection of 7 ficlJy. 






A.2.e. Anterior and right lateral field BEV DRR (Digitally Reconstructed Radiography) display showing the prostate PTV, PRV for 
rectum and biadder, beam aperture (inulti-leaf collimator), and fiducial cross hair gi*id. 

Lefl: anterior view. 

Flight: lateral view. 
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Fig. A,2.f. Four panel display showing isodose (cGy) distribution of the total treatment. The dose specified for prescription is the 
minimum dose (74 Gy) to the PTV. Shpwn are 3D transverse, sagittal, and coronal views, with superimposed color-coded isodose lines (74, 
60, 50, and 30 Gy). 
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Fig. A.2.g. Display showing PT\'', PRV for rectum, PRV for biadder, and 74 Gy isodose Treated Volume. The dose specified for 
prescription is the minimum dose (74 Gy) to the PTV. 


Upper lefl: anterior view. 

Upper right: lateral view. 

Lower lefl: inferior view. 

Lower right: oblique view. 

The colors are darkened due to the reasons given in Note II. page 26. 
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clow; tissue 



Fig. A.2.h. Cunnilative D\T-I display ofthe doi?e dislrlbution for the PTV, I’RV for rectum, PRV for biadder, and PRV for rii^hl feino)*al 
head. Note for FFV reported dose at bottoni of DVH s ind ude ICRU Reference Point. Dose, Maxiniurn, Minimum, and Mean doses. 
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Case number 3. 


Lim^ Cancer. 


CLINICAL SITUATION 


AIMOFTHERAPY 


CT\' 

PTV 


PRESCRIBED DOSE 

BEAM ARRANGEMENT 
PATIENT POSITIONING 

VOLUME FOR DOSE 
PLANN ING 

ORGANS AT RISK 


ACCERrED POSES 

TO ORGANS AT RISK 


TEOHNIQUE 


DOSE CALCULATION 


CONTROL MEASURES 


DOSESPECIFICATION 
FOR REPORTING 


65-year-old female smokei; presented with a persistenL cough. Cliriical examination normal. 

Chest racliography showed a right hilar mass. Bronchoscopy showed endohronchial tumor in 
the right main bronchus. Biopsy revealed a squamous cell cartinoma. CT scan confiiTncd a 35 
mm X 35 mm lesion Ln the right bronchus, and in addition o 3 cm X 3 cin mass of lyniphad- 
enopathy at the right hilum. No evidence of mediastinal lymphadenopathy. Clinical stage IIB 
(T2 NI MO). (This case is illustrated in Figores A>3.a to A.3.f) 

FLidical radiotherapy. 

1. Primary endohronchial tumor |C34.0-I|. 

2. Hilar lymphadenopathy; [C771C-11. 

The combined C'rV inciudes GTV 1 + GTV 2 + local subclinical extensions. 

A 10 mm margin was added to the CTV to account for organ movements ond vanations in patient/ 
beam position i ngs. 

7 i Gy to the ICRU Reference Point in 33 fractions over 43 days. 66 Gy accepted as minimum dose 
to the PrV. 

4 isocentric beams. 

Supinc with head on standard head rest and arms above the head. Alpha cradle immobilization. 
Laser alignment and skin, cradle marks, 

A series of CT sections were usod txj Jefine GTV, ClV, and OR. The treatment planning CT was 
acquired with the patient in the same supine position, immobilization devdce, and conditiona as 
used for treatment. 

A; Spinal cord fC72.0Bl. 

B: Lefl lung IC34.9-2], 

C: Heart IC38.01. 

D: Oesophagus IC15.9]. 

A: Less than 47 Gy at the spinal cord. 

R: A.S low as possible to left, lung, 

C; IjCss than 40 Gy, if possible. 

D: Less than 66 Gy, if possible, 

4 18 MV photon beams. 

Right anterior oblique, lefl posterior oblique, right posterior oblique, and left anterior oblique 
beams. 

Beam directions: 

1. r^fl Anterior Oblique, 22"* (LAO). 

2, I^Il Posterior Oblique, 142® (LPO), 

3. Right Posterior Oblique, 202® (RPO), 

4, Right Anterior Oblique, 322® (RAO). 

Isocentric technique. 

All fields custorn shaped with 7 to 12 mm aperture mai'gin from PT\^, 

Contributions of the beams at the ICRU Reference Point = 21.2%, 36.0%, 23.8%, and 19,0%. 

Dose distribution, see Fig. A,3.(l. 

Bently-Milan dose calculation model, con’ccted for oblique incidence, no tissue heterogeneity cor- 
rection. 

Oilhogonal DRRs compared to orthogonal simulator films. 

Portal DRRs compared to simulator port films, 

Orthogonal DRRs compared to orthogonal Ist dav treatment films. 

Portal DRRs compared to Ist day port film, 

Verifications films of photon beams once a week. 

• ICRU Reference Point at tho isocenter, in the central parts ofthe FPV (100%). 

• Maximum and minirnuin dose to the I^TV according to the dose plan (105%^61%). 

• Hot spot (outside the PTV) = 105%, (peripheral in the lung). 


Courtesy, The Mallinckrodt Institute of Radiology, St. Ix>uis MO. 
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Fig. A.3.a. Display for lung cancer patient, showing external skin surlace, TIV. PTV, hearU spinal cord and osophagus. 

Upper left: anterior vicw, 

Upper right: lateral vicw. 

Lower left: oblique vicw. 

Lower right: inferior vicw. 

Followingcolor code is used for all Hgures of the iungcase: 


GTV 

not indicated 

PRV hoart 

light orange 

CTV 

rod 

OR spinal cord 

dark yellow 

ITV 

dark blue 

PRV spinal cord 

light yellow 

PTV 

light biae 

OR csophagus 

dark green 

OR heart 

dark orange 

PRV esophagus 

light green 


See also. Xotc II. pa.ge 26. 
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Fig. A,3,b. Display for lung cancer patient, showing beams, extcrnal skin surfacc, hcarl, spinal cord and esophagus. All other 
volumes have been digitally suppressed. 

Lefl: inferior view. 

Right; oblique view. 



Fig. A3-C. BEV (Beam Eye VievvO DRR (Digitally Reconstructed Radiographs) display showing CW. PW, and fiducial cross hair grid. 
Left; anterior view. 

Right; lateral view. 
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Fig. A.3.d. Four panel display showing isodose fcGy) distribution of the total treatment. The dose specified for prescription and for 
recording is the ICRU Reference Point Dose (71 Gy) within the PTV with a minimum of 66 Gy. Shown are 3-D transverse, sagittal and 
coronal views, with superimposed color-coded isodose lines. 
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Fig. A.3.e. View showing FFV, OR and FRV for heart, OR and PRV for spinal cord, OR and PRV for esophagus, and 66 Gy isodose 
Treated Vol urne. 


Upper left: anterior view. 
Llpper right: lateral view. 
Low'er left: inferior view. 
Ivower right: oblique view 
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TOTAL LLNG 
(LONG TOTAL) 


jdosfj [tissue 


Do se (Gy) 

0.0 16.0 32 JO '18,0 G4v0 80,0 

100 f ■ y I - I - -r ■ 1 - —■r- — i 2037.0 



fi t ■ »I ■-I---1---1-I-1 n n 

^.0 1G,0 32.0 49,0 64.0 80X) " 

Dose (Gy) 

<foVOL>-REF Do« MAJl Do« MIN Done MEAN Do« 

42.6 qrp 74.5 Gv 0.0 Gv 25-6 Ov 


limt dif 


PRVheart 

(HEART) 


jdo*j« i tissru« 


Dose (Gy) 

0.0 8.0 16,0 24,0 32.0 40.0 48.0 56.0 64.0 72.0 
100 r ~ I — I ' " -r ■ r ■ ! ■"■■■ i m ' t \ 620.9 


^ ‘ i 496,7 



- 1 r .g, 1.^ I I ■ ,^1 A - Ll^ A o 

1).0 8,0 16.0 24,0 32.0 40.0 48i) 56.0 6*1.0 72,0 
Dose (Gy) 

WOL>-REF Do« MAX Do« MIN Do« MEAN Oo« 


Fig, A.3.f. Cumulativc DVH di.splay of the dose distribution for the FFX^. PRV tota] lung. PRV heart, and PKV spinal cord. Nole for P'A^ 
reported doses at bottorn of DVHs include ICRU Reference Point Dose, Maximum, Minimum, and Average do.ses. 
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